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FIELD OF INVENTION 



The present invention relates to immunogenically active fractions of 
Borrelia burgdorferi spirochaetes comprising antigenic polypeptides, 
proteins, glycolipids and carbohydrates useful for the immunization 
against Lyme disease, a method of preparing the immunogenically 
active fractions, an antigenic polypeptide related to the outer mem- 
brane protein OspA, a vaccine comprising an immunogenically effec- 
tive amount of the immunologically active fractions and/or of the 
antigenic polypeptide, a DNA fragment encoding the antigenic polypep- 
tide, a monoclonal or polyclonal antibody directed against the anti- 
genic polypeptide, and the use of the fractions, polypeptide or 
antibody for diagnostic and therapeutic purposes. 

BACKGROUND OF THE INVENTION 

Lyme disease is a zoonosis caused by the tick-borne spirochaete B . 
burgdorferi (1). When a susceptible host is bitten by an ixodid tick, 
B. burgdorferi organisms enter the skin. In humans the initial skin 
manifestation is termed erythema chronicum migrans (ECM) whereas a 
long-standing infection of the skin produces acrodermatitis chronica 
atrophicans (2). The borreliae also enter the circulatory 'system of 
the host and are distributed to various organs, including the brain 
and joints (3). A secondary spread of the pathogens produces a varie- 
ty of clinical syndromes, including lymphocytic meningoradiculitis 
(4), myocarditis (5) and chronic arthritis (6). In many patients the 
infection of some tissues, particularly the brain and joints, per- 
sists for years and can be severely disabling. These forms of chronic 
Lyme disease are a consequence of the host's inability to rid itself 
of the infectious agent and perhaps the development of an autoimmune 
reaction (7). 

Diagnosis of Lyme disease has chiefly been based on clinical eviden- 
ce. The best marker during the primary stage of infection has been 
the presence of erythema chronicum migrans (ECM) but these skin le- 
sions may not always develop or they may manifest atypically (7). 
Moreover, Lyme disease can be confused with other illnesses charac- 
terized by neurologic or arthritic manifestations. When clinical 



histories are incomplete, serologic testing with determination of 
antibody titers is the best laboratory method of diagnosis. Indirect 
fluorescent antibody (IFC) staining tests and enzyme-linked immuno- 
sorbent assays (ELISA) are used to detect total immunoglobulins (8) 
or class-specific IgM and IgG antibodies to B . burgdorferi (9). ELISA 
is usually preferred because the procedures are more easily standar- 
dized and automated and because absorbance values can be statistical- 
ly analyzed to give more objective results (8). 

B. burgdorferi spirochaetes are helically shaped, motile cells with 
an outer cell membrane that surrounds a protoplasmic cylinder com- 
plex, consisting of the cytoplasm, the cell wall, the inner cell 
membrane and the flagella which are located. not at the cell surface 
but in the periplasmic space between the outer cell membrane and the 
protoplasmic cylinder. The outer cell membrane and the flagella are 
assumed to play an important role in the host-parasite interactions 
during the disease and has been subjected to several investigations, 
identifying major surface -exposed proteins as important immunogens 
di). 

It has been shown that the earliest IgM antibodies formed against 
antigens of the B. burgdorferi strain B31, which was deposited in the 
American Type Culture Collection in 1983 with the accession number 
ATCC 32510, are directed against a genus-specific flagellar poly- 
peptide termed flagellin having a molecular weight of 41 kd (10) and 
which reacts with monoclonal antibody H9724 (22). IgG antibodies are 
also first directed to the 41 kd flagellin, but with advancing di- 
sease, IgG antibodies form against other immunogens, especially 
against two abundant proteins with molecular weights of 31 kd and 34 
kd. These two proteins, which have been denoted OspA (31 kd) and OspB 
(34 kd), have been found to be located at the B. burgdorferi surface 
and embedded in its outer fluid cell membrane (11). The OspA protein 
has been found to be less variable in its molecular weight and in its 
reactivity with monoclonal antibody H5332 (12), whereas the molecular 
weight of OspB proteins from different B . burgdorferi strains vary 
and the OspB proteins of different strains also show varying reac- 
tivity with two monoclonal antibodies against OspB (H6831 and H5TS 



(13). The main variation among OspA proteins is found between iso- 
lates from Europe and the Unites States. 

Conventional diagnostic tests for Lyme disease have used whole spiro- 
chaetal sonic extracts as test antigens in ELISA to detect antibodies 
to B . burgdorferi, but this test yields unsatisfactory low diagnostic 
sensitivity (20 to 602) during the early stage of infection (14), 
possibly due to a slow and late-appearing antibody response and to 
the inclusion of irrelevant cross-reacting antigens in the whole-cell 
preparations. In addition, the use of whole cells as test antigens 
may result in the occurrence of false positive reactions. For ex- 
ample, among patients with syphilis and in areas where a closely 
related relapsing fever Borrelia spp. co- exist with B . burgdorferi, 
serologic differentiation of Lyme disease from tick-borne relapsing 
fever is difficult (15). Detection of IgG antibody to B . burgdorferi 
in later stages of infection can help in distinguishing Lyme disease 
from aseptic meningitis, multiple sclerosis, serum negative rheuma- 
toid arthritis, juvenile rheumatoid arthritis, and Reiter's syndrome 
(9). 

Several researchers have focused on isolating flagellin or preparing 
flagellin-enriched whole cell or fractions for diagnostic agents so 
as to improve diagnostic tests for an early diagnosis of Lyme dis- 
ease. For this purpose, Coleman et al. (15 ) have obtained B . burg- 
dorferi fractions by treating whole spirochaetes with the denatu- 
rating detergent sodium dodecyl sulfate (SDS) so as to obtain a pro- 
toplasmic cylinder flagellar (PC) fraction which upon subsequent 
shearing, filtration and dialysis constituted a flagellin-enriched 
fraction from which immunogenic polypeptides (flagellin) were eluted 
and used as antigens in ELISA for IgG and IgM antibodies. The flagel- 
lin-enriched fraction was reported to be a useful antigen for early 
stage reactivity. 

Hansen et al. (16) describes a method of preparing purified prepara- 
tion of flagella usable as an antigen in an ELISA analysis for IgM 
antibody detection. 



US 4,721,617 discloses the use of inactivated whole B. burgdorferi 
spirochaetes as a vaccine against Lyme disease and broadly teaches 
the concept of using an outer envelope fraction or its component 
polypeptides in vaccines but does not distinguish or give guidance as 
to which components to select for this purpose. 

The present invention discloses easily extracted immunologically 
active B . burgdorferi fractions that increase the specificity of 
assays for B , burgdorferi antibody and are potential vaccine com- 
ponents and useful in antibody tests for the immunization and diag- 
nosis of Lyme disease. 

DESCRIPTION OF THE INVENTION 

The present invention relates to immunologically active fractions B, 
C and E of B. burgdorferi obtained by the following steps: 

a) lysing B . burgdorferi spirochaete cells with a mild non-dena- 
turating detergent so as to release outer membrane components 
from the cells, and subsequently subjecting the lysed cells to 
centrifugation resulting in a first pellet comprising cell wall 
and flagellar components and a first supernatant comprising 
outer membrane components, 

b) incubating the first supernatant from step a) under conditions 
sufficient to precipitate at least part of the proteins of the 
first supernatant followed by centrifugation so as to obtain a 
second pellet comprising fraction E and a second supernatant, 

c) subjecting the second supernatant from step b) to filtration and 
dialyzing the supernatant against an aqueous medium with a low 
ionic strength or subjecting the supernatant to ultrafiltration 
so as to substantially remove the mild non-denaturating deter- 
gent and allow B . burgdorferi derived cell components to preci- 
pitate in the dialysis bag or in the filtrate resulting from the 
ultrafiltration, 



d) centrifugating the contents of the dialysis bag or the filtrate 
resulting from the ultrafiltration so as to obtain a third pel- 
let comprising fraction B and a third supernatant comprising 
fraction C. 

Fractions B, C and E of the present invention are believed to be 
novel. The method outlined above by which the fractions of the inven 
tion may be obtained involves several steps, which will be described 
in details below. One step in the method of obtaining the fractions 
of B. burgdorferi is the initial lysis of the B . burgdorferi spiro- 
chaetes. The lysis is performed under conditions which ensure that 
the outer membrane and the components attached thereto are substanti 
ally released from the cell wall and flagellar components whereby 
fractions of important antigenic components, which are valuable for 
late stage detection of Lyme disease, are obtained. These conditions 
may be fulfilled by use of a mild non-denaturating detergent which, 
as will be described below, is preferably a non- denaturing, water- 
dialysable lysating agent such as octyl-£-D-glucopyranoside (OGP) . 
Since the fractions of the invention are substantially free from fla 
gellar proteins, there is minimal cross-reactivity with antibodies 
directed against flagella from other bacteria. 

■In the present context, the term "immunologically active fractions" 
is intended to mean parts or subunits of B. burgdorferi spirochaetes 
that give rise to an immune response when reacted with antibody- con- 
taining samples such as sera. The term "fractions" is used inter- 
changeably with "immunologically active fractions". Typically, the 
fractions B, C and E contain a number of components or substances 
related to the outer membrane such as major surface polypeptides as 
well as non-protein components such as lipids, glycolipids and carbo- 
hydrates. These components may also show immunological activity. 

By the term "flagellar components" is meant components or substances 
being part of the flagella or. closely associated with the flagella. 
Especially, the term "flagellar components" covers the immunogenic 
substances which are responsible for the cross-reactivity with an- 
tibodies directed against other bacteria, e.g. the protein, flagel- 
lin, or an antigenic part thereof from Borrelia species. 



In another aspect, the present invention relates to immunologically 
active fractions B, C and E of B. burgdorferi spirochaetes, each 
fraction being characterized by a protein distribution pattern re- 
sulting from sodium dodecyl sulfate polyacrylamide gel electrophore- 
sis (SDS-PAGE) under the conditions specified in Example 1 being 
substantially similar to the protein distribution pattern shown in 
Fig. 2, which protein distribution pattern is the pattern obtained 
from SDS-PAGE analysis of fractions B, C and E of B. burgdorferi 
spirochaetes of New York strain B31 (ATCC 32510) isolated from the 
tick Ioxides dammini, the SDS-PAGE analysis being performed as de- 
scribed in Example 1. 

As will be more specifically illustrated in the following, the pro- 
teins contained in fractions B, C and E of different strains of B. 
burgdorferi do not have exactly the same molecular weight as deter- 
mined by SDS-PAGE analysis. Furthermore, certain proteins identified 
in fractions B, C and E may be found in some B . burgdorferi strains 
but may be absent in other strains. The immunological activity of the 
fractions B, C and E are, however, believed to be conserved in the 
different strains, and the proteins of similar type, e.g. 'the OspA 
protein from the B . burgdorferi strain B3i (ATCC 32510) and the OspA 
protein from the B . burgdorferi strain ACA-1 (18), are believed to 
have substantially the same immunological properties and have in fact 
been shown to react similarly with antibodies raised against the 
proteins. Thus, the immunological activity of fractions B, C and E is 
(at least partly) believed to be due to the presence of a certain 
mixture of proteins, which will be discussed in further detail in the 
following. However, also non-proteinaceous components such as carbo- 
hydrates, lipids, glycolipids or phospholipids may be of importance 
with respect to the advantageous immunological activity of the frac- 
tions B, C and E. 

Thus, the term "substantially similar" is intended to mean that the 
protein content of the fractions B, C and E of the B. burgdorferi 
strain in question is of the same composition as the protein content 
shown in Fig. 2 even though the molecular weight of the individual 
proteins may vary, such as it will be illustrated below, or even that 



one or a very low number of proteins may be missing or be present in 
excess when compared to the protein distribution pattern of Fig. 2. 

In a further aspect, the present invention relates to immunologically 
active fractions of a 3. burgdorferi spirochaete strain substantially 
identical to the immunologically active fractions B, C and E obtained 
when subjecting the same strain of B. burgdorferi spirochaetes to the 
procedure described in Example 1 as determined by methods of deter- 
mining substantial identity. Examples of such methods of determining 
substantial identity are comparison of the protein distribution pat- 
tern as obtained by SDS-PAGE analysis and immunological methods, e.g. 
such as parallel ELISA in which the reactivity of sera with antigens 
is measured. 

The term "substantially identical" is intended to indicate that the 
fractions have substantially the same protein, lipid, glycolipid and 
carbohydrate composition, and/or substantially the same immunological 
properties even though they may have been prepared by another method 
than that described in Example 1. 

In a further aspect, the present invention relates to an immunologi- 
cally active fraction of B . burgdorferi, preferably fraction B of B . 
burgdorferi, having substantially the same reactivity with sera from 
patients with Lyme disease as that of whole cells of B . burgdorferi, 
but with substantially less reactivity with sera from syphilitic 
patients . 

Because members of the Borrelia genus show common antigens with one 
another and with the treponemes (12) (13) the problem of immunologic 
cross-reactivity arises when using whole cell preparations in sero- 
logic tests. As shown in Table 2, comparable analyses for class - 
specific IgG antibody have revealed that fraction B shows comparable 
sensitivity and greater specificity than the whole cell preparation 
and cross -reactivity with treponemal antibodies is minimal. 

Only 3 of 16 samples from syphilis patients were positive. Therefore, 
use of this fraction in efforts to detect IgG antibody should reduce 
the number of false positive reactions associated with immune respon- 
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ses to oral treponemes. Thus, normally when using whole cells of B . 
burgdorferi for diagnosis purposes, both a serological test for Lyme 
disease and a diagnostic test for syphilis are required in order to 
be able to determine the false positive signals and arrive at the de- 
sired, correct diagnosis. This complex and time consuming diagnosis 
method is especially necessary when employing flagellin- enriched 
whole cell diagnostic agents or diagnostic agents mainly comprising 
flagellin as the antigenic component. By use of fraction B of the 
present invention for diagnosis of Lyme disease, only one test is 
required, namely the serological test. Thus, fraction B of the pre- 
sent invention constitutes a very important and novel tool in the 
fast and accurate diagnosis of Lyme disease. 

Preferably, fraction B reacts with a substantial percentage of the 
sera from patients with Lyme disease, e.g. at least about 85% of the 
sera from patients with Lyme disease. More preferably, fraction B 
reacts with at least 87% of the sera from patients with Lyme disease, 
e.g. with at least 90% of sera from patients with Lyme disease. In an 
especially preferred aspect, fraction B reacts with at least 95% of 
the sera from patients with Lyme disease. At the same time, fraction 
B reacts with an insignificant percentage of the sera of syphilitic 
patients, e.g. with no more than about 20% of the sera from syphili- 
tic patients, and preferably with no more than 18% of the sera from 
syphilitic patients. 

Preferably, fraction B is a fraction which is still soluble in the 
mild non-denaturating detergent such as for instance OGP after it has 
been incubated at 56°C for 30 minutes, but which is substantially 
insoluble in water. 

In another aspect, the present invention relates to an immunological- 
ly active fraction C of £ . burgdorferi spirochaetes as defined above 
which is still soluble in the mild non-denaturating detergent such as 
OGP after it has been incubated at 56°C for 30 minutes, and which is 
substantially soluble in water. 

In a further aspect, the present invention relates to an immunologi- 
cally active fraction E of B. burgdorferi spirochaetes as defined 
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above which is substantially not precipitated by a mild non-dena- 
turating detergent such as OGP, but which is precipitated by incuba- 
tion at 56°C for 30 minutes. 

The immunologically active fractions B, C and E described above are 
5 substantially free from cell wall and flagellar components of B. 

burgdorferi. In the present context, the term "substantially free" is 
intended to mean that no substantial reactivity with antibodies 
against such components is obtained. 

10 The substantial lack of cell wall and flagellar components is, as 
explained above, believed to be one of the reasons for the very 
advantageous diagnostic properties of the fractions of the invention. 

When the fractions B, C and E have been prepared as outlined above, 
the immunologically active fractions are substantially free from 

15 sodium dodecyl sulfate (SDS) . SDS is a strong detergent that pro- 
bably denatures important epitopes and furthermore interferes with 
the binding of antigen to microdilution plates (16) . In addition, SDS 
is difficult to remove from e.g. cell fractions containing it. The 
milder detergents used according to the present invention 'have not 

20 been shown to have these adverse effect. 

In another aspect, the present invention relates to immunologically 
active fractions B, C and E of B. burgdorferi spirochaetes of New 
York strain B31 (ATCC 32510), each fraction being characterized by 
the following protein bands (expressed as molecular weight in kilo- 
25 daltons (kd)) in a sodium dodecyl sulfate polyacrylamide gel (con- 
taining 10% by weight of sodium dodecyl sulfate polyacrylamide) after 
electrophoresis at 95-280 V for 5 hours 20 minutes and staining with 
Coomassie brilliant blue R-250 substantially as disclosed herein: 



Fraction B 



20, 21, 29, 31, 34, 39, 59, 66, 68, 85 kd 
40, 70 kd 

18, 20, 25, 31, 34, 41, 48, 55, 66, 68, 85 kd 



30 



Fraction C 



Fraction E 



As shown in Fig. 2, the profiles of Comraassie blue-stained proteins 
and of whole cell and fractionated lysates B, C and E of B. burgdor 
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feri differ. When compared with the molecular weight standards, the 
stained gel reveals the surface proteins of 31 and 34 kd (OspA and 
OspB) in fractions B, E and in the whole cell lysate of B. burgdor- 
feri strain 2591. The presence of OspA in these preparations has been 
5 verified by immunoblotting with monoclonal antibody H5332. Likewise, 
the presence of OspB in the preparations has been verified by immuno- 
blotting with monoclonal antibodies H6831 and H5TS. In fraction C 
OspA and OspB were absent. The 41 kd protein of flagellin was absent 
in all three fractions B, C and E. Thus, the 41 kd protein of frac- 

10 tion E stated above did not react with the anti-flagellin monoclonal 
antibody H9724 in an ELISA and does not react with fractions B and E 
and does therefore not seem to be the above discussed flagellin or a 
related protein. Fraction B also contains other major proteins with 
apparent molecular weights of 20, 21, 29, 39, 59, 66, 68 and 85 kd. 

15 The 39 kd protein did not react with monoclonal antibody H9724, 

proving that this is not the same as the flagellin antigen. Fraction 
C contains two proteins with molecular weights of about 40 kd and 
about 70 kd, respectively. Four proteins in fraction B may prove to 
be of particular interest, namely the 21, 55, 66 and 85 kd proteins. 

20 Antibodies against the 65 and 85 kd proteins have been found in sera 
from patients with Lyme disease, and these proteins may therefore be 
important in the B . burgdorferi infection, and be potential Candida - 
* tes for vaccine and diagnostic agent constituents in immunization and 
diagnosis of Lyme disease. The 66 kd protein is believed to be 

25 cleaved to a smaller size when whole cells of 5. burgdorferi are 
incubated with proteases such as trypsin and proteinase K. 

In a further aspect, the present invention relates to immunologically 
active fractions B ( C and E of B. burgdorferi spirochaetes of strain 
ACA-1 as described in Asbrink et al., 1985 (18), each fraction being 

30 characterized by the following protein bands (expressed as molecular 
weight in kilodaltons (kd)) in a sodium dodecyl sulfate polyacryl- 
amide gel (containing 15Z by weight of sodium dodecyl sulfate poly- 
acrylamide) after electrophoresis at 74 V for 15 hours 15 minutes and 
staining with Cooraassie brilliant blue R-250 substantially as dis- 

35 closed herein: 
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Fraction B: 13, 15, 19, 23, 24, 25, 28, 30, 32, 36, 38, 41, 47, 

50, 68 kd 
Fraction C: 14, 32, 36, 52, 68 kd 
Fraction E: 11, 14, 25, 30, 32, 36, 47, 50, 54 kd 

In the ACA-1 strain, the molecular weights of OspA and OspB are 32 kd 
and 36 kd, respectively, as confirmed by analysis against monoclonal 
antibodies H5332, H5TS and H6831. Thus, the strains differ in molecu- 
lar weight. The 41 kd protein in fraction B was different from the 
41 kd flagellin as verified by analysis against monoclonal antibody 
H9724. 

As explained above, OspA protein has been isolated from B . burgdor- 
feri spirochaetes and immunologically defined as the most abundant 
protein in whole cell lysates and one that is bound by monoclonal 
antibody H5332 (12). The gene encoding OspA from B . burgdorferi 
strain B31 (ATCC 32510) has been cloned and the present inventors 
have now succeeded in elucidating the nucleotide sequence of said 
gene. Accordingly, one aspect of the present invention relates to a 
DNA fragment comprising the gene encoding OspA as well as the 5'- 
flanking region of the gene. The DNA sequence is shown in Fig. 5. The 
amino acid sequence of OspA has been deduced from the DNA sequence 
shown in Fig. 5 and is also shown in Fig. 5. The knowledge of the 
amino acid sequence opens up for a variety of possibilities which 
have not, prior to the present invention, been possible. These will 
be explained in detail below. 

In the present context, the term "polypeptide" is generally used in 
its conventional meaning, i.e. as a sequence of amino acids. The 
amino acids of the sequence may optionally have been modified, e.g. 
by chemical, enzymatic or another type of treatment, which does not 
amend or destroy the immunological activity of the polypeptide to any 
substantial extent. The polypeptide may be an entire protein, or a 
subsequence thereof. Especially interesting polypeptides are amino 
acid sequences comprising epitopes, i.e. antigenic determinants 
substantially responsible for the antigenic properties of the poly- 
peptide and being capable of evoking an immune response. The minimum 
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amino acid sequence is one which at least comprises a relevant epi- 
tope of the polypeptide. 

The polypeptides may be in a substantially pure form. In the present 
context, the term "substantially pure" is understood to mean that the 
5 polypeptide in question is substantially free from other components, 
e.g. other immunologically active components such as B. burgdorferi 
cell wall and flagellar components. Preferably, the polypeptides are 
preferably free from B. burgdorferi spirochaete related components as 
such. Substantially pure polypeptides having the properties described 
10 herein may be prepared by use of recombinant DNA techniques or solid 
or liquid phase peptide synthesis as will be described in further 
detail in the following. 

In the present context, the term "cell wall" refers to cell compo- 
nents containing the macromolecule , mucopeptide or peptidoglycan 
15 which is unique to the cell wall of prokaryotes. Mucopeptide is 

formed as a continuous net around the cell membrane, conferring both 
shape and strength to resist osmotic bursting. 

In the following, the OspA protein of B. burgdorferi will' be de- 
scribed in more detail on the basis on its amino acid sequence de- 

20 duced from the DNA sequence of the ospA gene. The estimated total 

number of amino acid residues of OspA is 273 as shown in Fig. 5. The 
amino acid composition of OspA is shown in Fig. 9. It appears that 
OspA comprises about 1551 lysine residues, calculated on the total 
amount of amino acid residues of the protein, about 11% threonine 

25 residues, and about 10.52 serine residues, calculated on the total 

amount of amino acid residues of OspA. Only one cysteine residue has 
been found in the estimated OspA amino acid sequence. The charge of 
the amino acids of the predicted OspA sequence is illustrated in Fig. 
8. The isoelectric point of OspA was calculated to be 9.5 and the 

30 charge at pH 7.0 was found to be +4. 

The primary structure of the deduced OspA protein was analyzed for 
signal sequences using the method of von Heijne, 1983 (23). A pos- 
sible cleavage site in the open reading frame of OspA was found 
between amino acids alanine and cysteine at positions 16 and 17. 
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Thus, the first 16 amino acid residues of OspA presumably constitute 
the signal sequence of OspA. 

OspA and OspB are outer membrane proteins which are encoded by DNA 
sequences found within the same operon. The genes encoding OspA and 
5 OspB are located on linear plasmids. Both proteins are believed to be 
almost completely cleaved from the cell with proteases (26, 25), 
though it is possible that OspA and OspB are anchored to the outer 
membrane of the cells without signal sequence and thus without being 
cleaved at all. The sequence of the gene encoding OspB has been 
10 revealed (38) and the amino acid sequence of OspB has been deduced on 
the basis of the nucleotide sequence. The amino acid sequences of 
OspA and OspB have been compared. An overall sequence identity of 53% 
has been found. Further, it has been found that substantially the 
following amino acid sequence is common to OspA and OspB: 

15 L-x-x-x-x-L-x-L-x-L-A-L-I-x-C, wherein 

L is a lysine residue 
A is a alanine residue 
I is a isoleucine residue 
C is a cysteine residue 
20 x is a non-charged amino acid residue. 

The above amino acid sequence starts at residue 5 in OspA and in 
residue 4 of OspB. The above sequence is expected to be common to 
other outer surface proteins of B. burgdorferi. Also the predicted 
consensus sequences of the signal sequences of OspA as well as OspB 
25 are similar. Thus, the following sequence 

L-Z-Z-C, wherein 

L and C have the above defined meaning and Z is predominantly a 
small, neutral amino acid, in OspA, isoleucine and alanine, and in 
OspB, isoleucine and glycine, has been found around the peptidase 
30 cleavage site of the signal peptide. This is contemplated to apply 
for other outer surface proteins of B. burgdorferi as well. 
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The hydropathic index and the hydrophilicity profile of the predicted 
OspA sequence as determined by computer analysis according to Kyle et 
al. f 1982 (20) are shown in Fig. 6 and Fig. 7, respectively. The 
estimated 16 amino acid signal sequence of OspA is highly hydrophobic 
and the remaining part of OspA contains several hydrophobic regions. 

OspA has the following N- terminal sequence 

M-K-K wherein 

M is a methionine residue, and 

K is a lysine residue, and a possible candidate for the anchorage of 
OspA to the outer membrane. 

The secondary structure of the estimated amino acid sequence has also 
been elucidated by use of computer analysis according to Kyle et al. f 
1982 (20). The results are illustrated in Figs. 9-13. 

As will be appreciated from the above explanation, the most interest- 
ing parts of OspA in the present context are the parts being respon- 
sible for the immunological activity of OspA, i.e. the antigenic 
determinants or epitopes. The deduced amino acid sequence of OspA has 
been analyzed so as to reveal possible highly antigenic sequences. 
The following polypeptides are, based on this analysis, contemplated 
to be epitopes of the OspA protein: 

Lys-Glu-Lys-Asn-Lys-Asp 
Ser-Lys-Lys-Thr-Lys-Asp 
Lys-Ala-Asp-Lys-Ser-Lys 

and thus contemplated to be capable of evoking an immune response in 
animals . 

The polypeptide described above may be produced by recombinant DNA 
techniques, such as will be further explained below, or by conventio- 
nal liquid or solid phase peptide synthesis. In solid phase synthe- 
sis, e.g. as described by R.B. Merrifield, 1963 (31), the amino acid 
sequence of any of the above described polypeptides is constructed by 
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coupling an initial amino acid to a solid support and then sequenti- 
ally adding the other amino acids in the sequence by peptide bonding 
until the desired length has been obtained. The solid support may 
also serve as the carrier for the polypeptide described above in the 
vaccine preparation described below. The preparation of synthetic 
peptides for use as vaccines may be carried out essentially as de- 
scribed in Shinnick, 1983 (32). 

As explained above, one or more of the fractions B f C and E of B. 
burgdorferi spirochaetes may be obtained by a method comprising the 
following steps: 

a) lysing B. burgdorferi spirochaete cells with a mild non-de- 
naturating detergent so as to release outer membrane components 
from the cells, and subsequently subjecting the lysed cells to 
centrifugation resulting in a first pellet comprising cell wall 
and flagellar components and a first supernatant comprising 
outer membrane components , 

b) incubating the first supernatant from step a) under conditions 
sufficient to precipitate at least part of the proteins of the 
first supernatant followed by centrifugation so as to obtain a 
second pellet comprising fraction E and a second supernatant, 

c) subjecting the second supernatant from step b) to filtration, 
and 1) dialyzing the supernatant against an aqueous medium with 
a low ionic strength or 2) subjecting the supernatant to ultra- 
filtration so as to substantially remove the mild non-denaturat- 
ing detergent and complex 3. burgdorferi derived cell components 
in the dialysis bag or in the filtrate resulting from the ultra- 
filtration, 

d) centrifugating the contents of the dialysis bag or the filtrate 
resulting from the ultrafiltration so as to obtain a third 
pellet comprising fraction B and a third supernatant comprising 
fraction C. 
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The £. burgdorferi spirochaete cells have preferably been washed 
prior to being subjected to the method of the invention so as to 
remove impurities and other irrelevant components. 

Preferably, the mild non-denaturating detergent used in step a) is a 
5 non-denaturating, non- ionic and water -dialysable detergent. An advan- 
tageous example of a mild non-denaturating detergent which has proved 
to be very useful is octyl-0-D-glucopyranoside (OGP). OGP serves to 
release the outer membrane from the cell, and thus to substantially 
separate the outer membrane from the inner protoplasmic cylinder and 

10 flagella. The release of the outer membrane causes lysis of the 

cells. It is believed that the outer membrane components are released 
into the lysed cell suspension during the OGP treatment whereas 
important immunogenic cell wall and flagellar components are substan- 
tially retained in the insoluble cell residue. This is believed to be 

15 one of the important effects of OGP. It is very advantageous to 

substantially avoid release of immunogenic cell wall and flagellar 
components, especially the immunogenic flagellin, into the medium as 
these components are supposed to be responsible for the cross -reac- 
tivity with sera from patients with other infections than these. 

20 As mentioned above, other cellular components than proteins may be 
released or modified by the treatment with OGP. Thus, carbohydrates 
and lipids such as glycolipids and phospholipids as well as other 
cellular components may be found in, and isolated together with outer 
membrane components. These non-proteinaceous components may be re- 

25 sponsible for or add to the immunological activity of the fractions 
B, C and E recovered in the later steps of the method outlined above. 

The conditions under which the treatment with the mild non-denaturat- 
ing detergent according to step a) of the method is performed should 
be adapted so as to ensure that the above explained effects of the 

30 treatment are obtained. Thus, the temperature at which the treatment 
is carried out should be a temperature at which the mild non-dena- 
turating detergent is capable of exerting its membrane releasing 
activity and other activities essential for the fractionation and at 
which the immunological properties of the components of the fractions 

35 are substantially maintained. For instance, the temperature should be 
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-chosen so as to ensure that the protein components of the fractions 
B t C and E have not lost their immunological activity to an extent 
which will make the fractions B, C or E useless as immunologically 
active fractions. 

5 Preferably, the lysis with the mild non-denaturating detergent is 

performed at a temperature in the range of about 20-60°C. At tempera- 
tures above about 60 °C, the outer membrane releasing capacity of the 
mild non-denaturating detergent, e.g. the OGP, is presumed to be 
reduced, arid also the proteins and other cell components may be 

10 denatured or modified so that a substantial part of their immunologi- 
cal activity is lost. At temperatures lower than about 20°C, the 
outer membrane releasing activity of the mild non-denaturating deter- 
gent, e.g. OGP, is believed to be too low to obtain a sufficient 
release of the outer membrane and the immunologically active com- 

15 ponents of the fractions. Temperatures in the range of about 25-50°C, 
such as about 30-40°C are believed to be especially suitable for the 
treatment of the B. burgdorferi spirochaetes with the mild non-dena- 
turating detergent, and a temperature of about 37 °C has been found to 
result in the desired fractions B, C and E. 

20 Also the concentration or type of detergent in which the detergent is 
used will, of course, be of importance in order to obtain the desired 
result. Normally, the mild non-denaturating detergent is used in a 
concentration in the range of 0.1-2%. The use of the mild non-denatu- 
rating detergent in a concentration above about 2.0% will normally 

25 not serve to enhance the outer membrane releasing capability of the 
OGP and will therefore be superfluous. Concentrations below about 
0.1% will in most cases not be sufficient to obtain the desired 
release of the outer membrane and components related thereto. Prefe- 
rably, the detergent is used in a concentration of 0.2-1%. 

30 As stated above, the cells treated with the mild non-denaturating 
detergent are subjected to centrifugation so as to obtain a pellet 
and a supernatant. Centrifugation has been found to be the easiest 
way of separating the components of the lysed spirochaete cells, but 
other separating methods may also be useful. Thus, such other methods 

35 should also be understood to be comprised by the present invention. 
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The spirochaetes may be preconditioned to the lysis by sonication in 
accordance with conventional techniques and optionally solely be 
subjected to sonication. 

The first pellet obtained by the centrifugation or an equivalent 
treatment comprises mostly cell debris such as cell wall and flagel- 
lar components as well as other subcellular components which have 
been released by treating the cells with the mild non-denaturating 
detergent. Such other components are for instance insoluble or heavi- 
ly insoluble substances or particles such as ribosomes. The super- 
natant resulting from the centrifugation or an equivalent treatment 
comprises mainly outer membrane components such as proteins related 
to the outer membrane, e.g. the proteins stated above in connection 
with fraction B, C and E of the investigated B . burgdorferi strains 
and corresponding proteins from other B . burgdorferi strains. How- 
ever, also carbohydrates, lipids such as glycolipids and phospho- 
lipids, which may have immunological activity, are presumed to be 
present in the supernatant resulting from the separation treatment. 

Subsequent to the separation, the first supernatant is incubated 
under conditions which are sufficient to precipitate at least part of 
the proteins of the first supernatant. This is the incubation of step 
b) above. One condition which has been found sufficient to obtain the 
desired precipitation is heating of the supernatant. Thus, the incu- 
bation of the supernatant is preferably carried out at an elevated 
temperature, at which precipitation is allowed to occur. Typically, 
such a temperature will be in the range of about 45-65°C. It is well 
known that proteins when subjected to heating coagulate and the 
precipitate obtained in step b) is believed to comprise such coagula- 
ted proteins. Also other components present in the first supernatant 
may, however, precipitate when being subjected to heating. 

At temperatures above about 65°C, the denaturation of proteins is 
believed to be extensive and thus, it is believed that immunologi- 
cally active components of the supernatant are destroyed. At tempera- 
tures below 45°C, the precipitation is believed to be insufficient 
with regard to the desired precipitation. Normally, it is desired 
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that the incubation is carried out at a temperature of about 50-60°C, 
such as about 56°C f which is the temperature normally known to cause 
conglomeration of a wide variety of proteins. 

The precipitate resulting from the incubation according to step b) is 
5 subsequently separated from the supernatant. Preferably, the separa- 
tion is accomplished by centrifugation, but other separation methods 
may also be employed as long as the necessary separation of the pre- 
cipitate and the supernatant occurs. The pellet obtained by the sepa- 
ration procedure, e.g. the centrifugation, comprises at least part of 

10 the components precipitated during the incubation and comprises the 

above defined fraction E of the B. burgdorferi spirochaete cells. The 
pellet comprising fraction E may optionally be subjected to further 
purification by incubation with a detergent, such as sodium lauryl 
sarcosinate (Sarkosyl), centrifugation of the incubated mixture or an 

15 equivalent treatment to separate the incubation mixture resulting in 
a fourth pellet and a fourth supernatant, and subsequently dialyzing 
the supernatant against a detergent-removing agent such as an aqueous 
alcohol, e.g. methanol, or subjecting the supernatant to ultrafiltra- 
tion so as to substantially remove the detergent. The alcohol is 

20 preferably an aqueous alcohol in a concentration of 10-252' (v/v) . 
Then, the contents of the dialysis bag or the filtrate resulting 
from the ultrafiltration may be centrifugated, resulting in a third 
pellet comprising the purified fraction E. In addition to removing 
the detergent, the dialysis is believed to lead to the formation of 

25 complexes of components present in fraction E. Any conventionally 
used dialysis bags or other dialysis equipment as well as ultra- 
filtration equipment may be used for the removal of the detergent and 
the optional complex formation of certain of the components contained 
in the dialysis bag or filtrate. Preferably, when the detergent 

30 removing agent is an alcohol, dialysis is employed for the removal of 
the alcohol. An example of a suitable dialysis bag is the one employ- 
ed in Example 1. For the ultrafiltration, a membrane which has been 
found useful is one having pores, i.e. cut-off value, of substantial- 
ly the same size as the pores of the dialysis bag, e.g. a pore size 

35 or cut-off value in the range of about 2,000-15,000, such as about 
3,000-8,000 and preferably of about 5,000-6,000. 
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The second supernatant resulting from step b) of the above method is 
subjected to filtration so as to remove insoluble particles and avoid 
contamination before ultrafiltration. If the preceding centrifugation 
has been very effective, this filtration step may be omitted, but in 
5 most cases, the mixture subjected to the preceding centrifugation 
contains particles or other components which may not be spun down to 
any suitable extent during the centrifugation treatment and there- 
fore in these cases, the filtration is required. The resulting fil- 
trate is suitably dialyzed against an aqueous medium with a low ionic 

10 strength or subjected to ultrafiltration. The low ionic strength, 

e.g. an ionic strength below 0.3M is believed to be required so as to 
substantially avoid interference of the ions of the aqueous medium 
with the detergent which would lead to an incomplete removal of the 
detergent. Preferably, the ionic strength is below 0.2M such as below 

15 0.1M. The dialysis serves the purpose of substantially removing the 

mild non-denaturating detergent, and it is also believed that some of 
the B. burgdorferi derived cell components are precipitated when the 
detergent is removed. 

The aqueous medium against which the dialysis is carried out is 
20 preferably water. The water may be distilled, sterilized, ,deionized 
or may be simple tap water, e.g. containing various ions such as 
" calcium, magnesium, sodium, carbonate, chloride and sulfate ions and 
the like. 

The filtration may be carried out in different ways and serves the 
25 purpose of separating some of the large components, e.g. insoluble 
particles, from the supernatant. Conveniently, the filtration is a 
microf iltration through a membrane, e.g. through a membrane having a 
pore diameter of at the most about 2.0 pm. A more efficient filtra- 
tion is obtained by using membranes having a pore diameter of at the 
30 most 0.60 pm. More preferably, the pore diameter of the membrane is 

at the most 0.45 ^m. For some purposes, it may be advantageous to use 
membranes having a pore diameter of at the most 0.30 pm such as at 
the most 0.20 /xm. 

The centrifugation treatments of the above explained methods should 
35 be performed under conditions ensuring the desired, sufficient sepa- 
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ration of the components of the suspension. The time during which 
the centrifugation is carried out as well as the speed of the rotor 
should be adapted so as to obtain the desired separation, e.g. what 
is sufficient to obtain a pellet. For this purpose, one or more 
5 centrifugation treatments may be employed. In most cases, a centrifu- 
gation at above about 30,000 x g such as above about above 35,000 
x g f e.g. about 45,000 x g has been found to be useful, when per- 
formed for at least about 10 minutes, such as at least about 20 
minutes. However, centrifugation at up to about 150,000 x g may be 

10 used. Generally, the longer the centrifugation time and the higher 
the speed, the more efficient separation of the suspension of com- 
ponents to be separated is obtained. It must, however, be noted that 
the centrifugation should not be too vigorous as such vigorous cen- 
trifugation may lead to decomposition or other alterations of the 

15 components of the suspension subjected to centrifugation resulting in 
loss of the desired immunological activity of these as well as of 
the resulting fractions. 

In another embodiment, the present invention relates to a DNA frag- 
ment encoding the 31 kd OspA protein of B. burgdorferi of the New 
20 York strain B3I (ATCC 32510), which DNA fragment further contains 

the 5 '-flanking region of the ospA gene, or any modification of said 
sequence encoding a polypeptide which is functionally equivalent to 
OspA. 

The term "functional equivalent" is intended to include all immunoge- 
25 nically active substances with the ability of evoking an immune 

response in animals, including humans, to which the equivalent poly- 
peptide has been administered, e.g. as a constituent of a vaccine, 
which immune response is similar to the immune response evoked by the 
OspA protein. Thus, equivalent polypeptides are polypeptides capable 
30 of conferring immunity to Lyme diseases . 

The. DNA fragment encoding OspA or a part thereof may be subjected to 
mutagenization, e.g. by treatment with ultraviolet radiation, ioni- 
zing radiation or a chemical mutagen such as mitomycin C, 5-bromoura- 
cil, methylme thane sulphonate, nitrogen mustard or a nitrofuran so as 
35 to alter some of the properties of the gene product expressed from 
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the mutagenized sequence substantially without amending the immunolo- 
gic activity of the gene product. Especially, site-directed mutagene- 
sis or directed mutagenesis is useful. 

Preferably, the DNA fragment according to the present invention 
5 substantially comprises the DNA sequence shown in Fig. 5 or a part 
thereof. As explained above, the DNA sequence shown in Fig. 5 is 
believed to be the sequence encoding the 31 kd OspA protein of £. 
burgdorferi of the New York strain B31 (ATCC 32510). The DNA fragment 
shown in Fig. 5 further contains the 5 prime-end flanking region of 
10 the ospA gene. 

The DNA sequence shown in Fig. 5 will now be further explained. 14 
bases in front of the presumed start codon at position 151 of the DNA 
sequence is a consensus ribosomal binding site (-AAGGAGA-) (27). 
Upstream from this translational start point two regions (PI and P2) 

15 are located. These regions are similar although not identical to the 
consensus sequence for sigma-70 promoters found in £. coli (28). PI 
is closest to the consensus sequence. As mentioned above, the OspA 
and OspB encoding DNA sequences are found within the same operon 
located on a linear plasmid in B. burgdorferi. The result of the DNA 

20 sequencing has revealed that a 12 base pair region separates the ospA 
and ospB genes and that the ospA gene is located 5' to the ospB gene. 
The 12 bp region separating the ospA and ospB gene also contains a 
ribosomal binding site; the sequence is similar to the ribosomal 
binding sequence preceding the ospA open reading frame. 

25 In the sequence upstream of the osp genes and the promoters are the 
closely- spaced direct repeats of the 12 base sequence AACCAAACTTAA 
beginning at bases 13 and 29. A 14-mer palindromic sequence 
( TT AT ATT AAT AT AA ) surrounds the "-10 regions" of the putative pro- 
moters PI and P2. 

30 The DNA fragment of the invention may be one which has been modified 
by substitution, addition, insertion or deletion of one or more 
nucleotides in the sequence for the purpose of establishing a sequen- 
ce which, when expressed in a suitable host organism, results in the 
production of a protein or polypeptide with a substantial similarity 
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to the OspA protein or a polypeptide part thereof, which has the 
desired immunological activity. 

Especially interesting DNA fragments are fragments which encode immu- 
nologically active parts of OspA, i.e. the antigenic determinants or 
5 epitopes of OspA. Thus, the DNA fragments encoding the polypeptides 
listed above being contemplated to possess highly immunogenic pro- 
perties, are especially interesting. 

The DNA fragment illustrated in Fig. 5 or a part of said fragment may 
be derived by screening B. burgdorferi for nucleotide sequences hy- 
10 bridizing to a DNA probe prepared on the basis of the full or partial 
nucleotide sequence shown in Fig. 5. Further, the nucleotide sequence 
may be a synthetic sequence, i.e. a sequence which is prepared accor- 
ding to standard procedures, e.g. as described in Matthes et al., 
1984 (29). 

15 The DNA fragment of the invention may be used for the production of 
OspA or a part thereof, especially an immunologically active part 
thereof. For this purpose, conventional recombinant DNA techniques 
may be employed. Thus, techniques comprising inserting the, DNA frag- 
ment of the invention or one or more parts thereof into a suitable 

20 expression vector, transforming a host organism with the vector, 

cultivating the organism under conditions allowing expression of the 
inserted sequence and harvesting the resulting gene product, OspA or 
a part thereof, will be useful. Any of these procedures may be carri- 
ed out by standard methods such as those disclosed in Maniatis et 

25 al., 1982 (30). 

Suitable expression vectors for the production of OspA or a part 
thereof are vectors which is capable of replicating in a host orga- 
nism when transformed therein. The vector may either be one which is 
capable of autonomous replication, such as a plasmid, or one which is 
30 replicated with the host chromosome, such as a bacteriophage. Exam- 
ples of suitable vectors which have been widely employed are pBR322 
and related vectors as well as pUC vectors and the like. Examples of 
suitable bacteriophages include M13 and A. 
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The organism harbouring the vector carrying the DNA fragment shown in 
Fig. 5 or part thereof may be any organism which is capable of ex- 
pressing said DNA fragment. The organism is preferably a microorga- 
nism such as a bacterium. Gram-positive as well as gram-negative 
bacteria may be employed. Especially a gram-negative bacterium such 
as £. coli is useful, but also gram-positive bacteria such as B. 
subcilis and other types of microorganisms such as yeasts or fungi 
or other organisms conventionally used to produce recombinant DNA 
products may be used. 

Another type of organism which may be used to express OspA or a part 
thereof is a higher eukaryotic organism or cell, including a plant 
and mammal cell. However, also higher organisms such as animals, e.g. 
sheep, cattle, goats, pigs, horses and domestic animals, including 
cats and dogs, are contemplated to be useful as host organisms for 
the production of OspA or a part thereof. When a higher organism, 
e.g. an animal, is employed for the production of OspA or a part 
thereof, conventional transgenic techniques may be employed. These 
techniques comprise inserting the DNA fragment shown in Fig. 5 or 
one or more parts thereof into the genome of the animal in such a 
position that OspA or part thereof is expressed together with a 
polypeptide which is inherently expressed by the animal, preferably a 
polypeptide which is easily recovered from the animal, e.g. a poly- 
peptide which is secreted by the animal, such as a milk protein or 
the like. Alternatively, the DNA fragment of the invention could be 
inserted into the genome of the animal in a position allowing the 
gene product of the expressed DNA sequence to be retained in the " 
animal body so that a substantial steady immunization of the animal 
takes place. 

When a microorganism is used for expressing the DNA fragment of the 
invention, the cultivation conditions will typically depend on the 
type of microorganism employed, and the skilled art worker will know 
which cultivation method to choose and how to optimize this method. 

The production of OspA or a part thereof by recombinant techniques 
has a number of advantages: it is possible to produce OspA or part 
thereof by culturing non-pathogenic organisms or other organisms 
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which do not affect the immunological properties of. OspA or part 
thereof, it is possible to produce OspA in higher quantities than 
those obtained when recovering OspA from any of the above described 
fractions B f C and E, and it is possible to produce parts of OspA 
5 which may not be isolated from B. burgdorferi strains. The higher 
quantities of OspA or parts thereof may for instance be obtained by 
using high copy number vectors for cloning the DNA fragment of the 
invention or by using a strong promoter to induce a higher level of 
expression than the expression level obtained with the promoters Pi 

10 and P2 present on the DNA fragment of the invention. By use of recom- 
binant DNA techniques for producing OspA or parts thereof, unlimited 
amounts of a substantially pure protein or polypeptide which is not 
"contaminated" with other components which are normally present in B . 
burgdorferi isolates may be obtained. Thus, it is possible to obtain 

15 a substantially pure OspA protein, i.e. OspA which is not admixed 

with other B. burgdorferi proteins which have an adverse effect when 
present in a vaccine or a diagnostic agent in which the OspA is an 
intended constituent. A substantially pure OspA protein or a polypep- 
tide part thereof has the additional advantage that the exact con- 

20 centration thereof in a given vaccine preparation is known so that an 
exact dosage may be administered to the individual to be immunized. 

An important aspect of the present invention concerns a vaccine for 
the immunization of a mammal, including a human being, against Lyme 
disease, which vaccine comprises an immunologically effective amount 
25 of any one of the above defined fractions B, C and E or combinations 
thereof together with an immunologically acceptable carrier or ve- 
hicle . 

The term "immunization" is understood to comprise the process of 
evoking a specific immunologic response with the expectation that 

30 this will result in humoral, and/or secretory, and/or cell-mediated 
immunity to infection with Borrelia species, i.e. immunity is to be 
understood to comprise the ability of the individual to resist or 
overcome infection or to overcome infection more easily when compared 
to individuals not being immunized or to tolerate the infection 

35 without being clinically affected. Thus, the immunization according 
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. to the present invention is a process of increasing resistance to 
infection with Borrelia species. 

In another aspect, the present invention relates to a vaccine compri- 
sing an immunogenically effective amount of a polypeptide as descri- 
bed above, i.e. the entire OspA protein or a immunogenic part there- 
of, e.g. an epitope or an antigenic determinant of the OspA protein. 
Also, a vaccine comprising an immunogenically effective amount of one 
or more of the proteins present in any of the fractions B, C and E 
described above may be of interest. Thus, a vaccine comprising the 
20, 21, 29. 31, 34, 39, 59, 66, 68, 85 kd proteins of fraction B, 
the 40, 70 kd proteins of fraction C, and the 18, 20, 25, 31, 34, 41, 
48, 55, 66, 68, 85 kd proteins of fraction E may be of interest. It 
is contemplated that a vaccine comprising the polypeptides with mole- 
cular weights of 55 and 85 kd of fraction B as well as of 31, 34 and 
66 kd may be of particular interest as these proteins have been found 
to give rise to a suitable immune response. Also, antibodies against 
the polypeptides with a molecular weight of 55 and 85 kd have been 
found in sera from patients infected with 5 . burgdorferi strains, 
indicating that these proteins exert an immunological activity. The 
molecular weights of the proteins given above are the molecular 
weights of the proteins isolated from the B. burgdorferi strain B31 
(ATCC 32510), and proteins isolated from other B . burgdorferi strains 
corresponding to these proteins, although not having the same molecu- 
lar weights, are of course aiso interesting as vaccine components. A 
vaccine comprising one or more of the polypeptides described above, 
i.e. OspA or parts thereof, in combination with one or more of the 
proteins described above may be especially useful. Also, vaccines 
constituting one or more of the polypeptides described above and 
immunologically active components from other organisms may be de- 
30 sirable. 
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The immunologically acceptable carrier or vehicle being part of the 
vaccine may be any carrier or vehicle usually employed in the pre- 
paration of vaccines. Thus, the vehicle may be a diluent, a suspen- 
ding agent or other similar agents. The vaccine may be prepared by 
mixing an immunogenically effective amount of any of the fractions B, 
C and E, the polypeptides defined above, one or more proteins of the 
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fractions or a combination of any of these with the vehicle in an 
amount resulting in the desired concentration of the immunogenically 
effective component of the vaccine. The amount of immunogenically 
effective component in the vaccine will of course depend on the 
animal to be immunized, e.g. the age and the weight of the animal, as 
well as the immunogenic ity of the immunogenic component present in 
the vaccine. For most purposes, an amount of the immunogenic compo- 
nent of the vaccine will be in the range of 5-500 pg. The methods of 
preparation of vaccines according to the present invention are desig- 
ned to ensure that the identity and immunological effectiveness of 
the specific molecules are maintained and that no unwanted microbial 
contaminants are introduced. The final products are distributed under 
aseptic conditions into preferably sterile containers which are then 
sealed to exclude extraneous microorganisms. 

As stated above, the OspA protein or part thereof, the amino acid 
sequence of which is shown in Fig. 5, may be prepared by recombinant 
DNA techniques or by solid or liquid phase peptide synthesis. Poly- 
peptides prepared in this manner are especially desirable as vaccine 
components as these polypeptides are essentially free from other 
contaminating components which will influence the immunogenic proper- 
ties of the polypeptides. Thus, polypeptides prepared by recombinant 
DNA techniques or by solid or liquid phase peptide synthesis may be 
obtained in a substantially pure form which is very desirable for 
vaccine purposes. 

When proteins or other immunogenically active components present in 
any of fractions B, C and E are employed as vaccine constituents, 
these may advantageously be recovered from the fractions by any 
conventional method, e.g. a method in which antibodies, preferably 
monoclonal antibodies, reactive with the proteins or other immunolo- 
gically active components of fractions B, C and E are immobilized to 
a matrix, the matrix is contacted with the fraction B, C or E in 
question, washed, and finally the antigen-antibody complex fixed to 
the matrix is treated so as to release the B . burgdorferi related 
proteins or other immunologically active components in a purified 
form. A preferred way is to isolate the B. burgdorferi related pro- 
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teins by means of column affinity chromatography involving antibodies 
fixed to the column matrix. 

Also, other procedures involving various forms of affinity chromato- 
graphy, gel filtration, ion exchange or high performance liquid chro- 
5 matography (HPLC) , may be employed. 

Alternatively, preparative electrophoresis procedures may be employ- 
ed. Thus, fractions B, C or E are subjected to a gel electrophoresis, 
such as a sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) or an agarose gel electrophoresis. Conveniently, two 
parallel gels are run. One of the gels is stained and analyzed by 
visual inspection, and the location of the desired protein bands on 
the gel is found. The corresponding protein bands on the other un- 
stained gel are then cut out of the gel. The protein-containing gel 
parts are treated so as to release the B . burgdorferi proteins from 
the gel, such as procedures involving slicing up the gel and subse- 
quent elution of B. burgdorferi related proteins. 

The vaccine may further comprise an adjuvant in order to increase the 
immunogenicity of the vaccine preparation. The adjuvant may be se- 
lected from Freund's complete or incomplete adjuvant, aluminum 
hydroxide, a saponin, a muramyl dipeptide, an iscome and an oil, 
such as a vegetable oil, e.g. peanut oil, or a mineral oil, e.g. 
silicone oil. 

In some cases it may be advantageous to couple the immunogenic compo- 
nent(s) to a carrier, in particular a macromolecular carrier. The 
carrier is usually a polymer to which the immunogenic component(s) 
is/are bound by hydrophobic non-covalent interaction, such as a 
plastic, e.g. polystyrene,- or a polymer to which the immunogenic 
component(s) is/are covalently bound, such as a polysaccharide, or a 
polypeptide, e.g. bovine serum albumin, ovalbumin or keyhole limpet 
hemocyanin. The carrier should preferably be non-toxic and non-aller- 
genic. The immunogenic component(s) may be multivalently coupled to 
the macromolecular carrier as this provides an increased immunoge- 
nicity of the vaccine preparation. It is also contemplated that the 
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immunogenic components ) may be presented in multivalent form by 
polymerizing the immunogenic component(s) with itself. 

In this regard, it may prove advantageous to couple the immunogenic 
component to the carrier together with one or more immunologically 
active molecules obtained from organisms other than B. burgdorferi so 
as to obtain a vaccine comprising a variety of different immunogenic 
determinants, being a cocktail vaccine, which may be employed for the 
immunization against diseases caused by other organisms, e.g. or- 
ganisms responsible for relapsing fever or syphilis. 

In another embodiment, a mixture of two or more single vaccines may 
be employed. 



It is known that antibodies raised against B . burgdorferi or parts 
thereof evoking an immune response have a rather short lifetime in 
sera of animals and humans. Thus, a suitable strategy for immunizing 
animals and humans against Lyme disease is to periodically administer 
the vaccine described above to individuals subjected to contact with 
ticks bearing B . burgdorferi. It is contemplated that vaccination 
once a year such as in the springtime will provide a suitable protec- 
tion of individuals in risk of B . burgdorferi infection. A suitable 
dosis of immunogenic components for such a vaccination is 5-500 pg. 
However, also more irregular immunizations may be advantageous, and 
any immunization route which" may be contemplated or shown to produce 
an appropriate immune response can be employed in accordance with the 
principle of the present invention. Suitable administration forms of 
the vaccine of the invention are oral administration forms, e.g. 
tablets, granules or capsules, subcutaneous, intracutaneous or in- 
tramuscular administration forms or forms suitable for nasal or 
rectal administration. 

As stated above, recombinant DNA technologies are useful for the 
preparation of diagnostic reagents and vaccines. Routine methods for 
vaccine production involve risks of obtaining unwanted side effects, 
e.g. due to the vaccine containing unwanted (or even unidentified) 
contaminants. An alternative approach to the production of new vac- 
cines involves the insertion of one or more DNA sequences constitut- 
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proteins, carbohydrates, or lipids, or OspA or immunologically active 
parts thereof for antibodies raised against these immunologically 
active fractions or components may be used as diagnostic reagents for 
the determination of the presence of B. burgdorferi. As will be 
apparent to a person skilled in the art, several techniques may be 
applied in connection with such diagnostic reagents. Thus, preferred 
embodiments of the invention are based on immunological reactions 
between antigens and antibodies, detection of said reaction and 
correlating the results obtained with results from reference reac- 
tions. Preferred assays of the invention are enzyme immunosorbent 
assays such as enzyme linked immunosorbent assays (ELISA) , radio 
immuno assays (RIA) , imrauno electrophoresis assays and the like. 

The ELISA and RIA methods are well established and may be carried out 
with existing laboratory equipment and may also be subjected to auto- 
mation. The methods of the invention therefore have wide applicabili- 
ty in clinical laboratories for diagnostic purposes and for monitor- 
ing the results of vaccination procedures, and in the pharmaceutical 
industry as an assay for immunogens to be used in the production of 
vaccines. 

The term "sample" applies to any material to be tested for the pre- 
sence of B . burgdorferi and related components, e.g. immunologically 
active components present on B. burgdorferi as well as antibody 
raised against these components. Preferably, the sample constitutes 
part of a living organism such as a human or an animal and may be an 
anthropod tissue, e.g. an ixodid tick tissue. The sample may be any 
sample obtained from a human or an animal cavity containing B . burg- 
dorferi cells or components thereof. Thus, the sample may be selected 
from body tissues or body fluids such as blood, serum, urine, cere- 
brospinal fluid, joint fluid, and pericardial fluid. Also suspensions 
and homogenates of cell tissues are included in the definition of 
sample tissues such as ixodid tick tissues. Examples of sample types 
are skin parts from the infected organism and samples from the paro- 
dontal region of the infected animal. 

The identification and/or quantification of B. burgdorferi antibodies 
present in a sample as well as of immunologically active parts of B. 
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burgdorferi or B. burgdorferi cells may be performed according to the 
present invention and may be any identification and/or quantification 
involving these B. burgdorferi related components. Thus, both a 
qualitative and a quantitative determination of B. burgdorferi re- 
lated components may be obtained according to the present invention. 
The identification and/or quantification may be performed for both a 
scientific, a clinical and an industrial purpose. 

Although in some cases such as when the diagnostic agent is to be 
employed in an agglutination assay in which solid particles to which 
the antibody is coupled agglutinate in the presence of a B. burgdor- 
feri antibody in the sample subjected to testing, no labelling of the 
monoclonal antibody is necessary, it is preferred for most purposes 
to provide the antibody with a label in order to detect bound an- 
tibody. In a double antibody ("sandwich") assay, at least one of the 
antibodies may be provided with a label. 

The substance used as label may be selected from any substance which 
is detectable in itself or which may be reacted with another substan- 
ce to produce a detectable product. Thus, the label may be selected 
from radioactive isotopes, enzymes, chromophores , fluorescent or 
chemiluminescent substances, and complexing agents. 

Examples of enzymes useful as labels are £-galactosidase, urease, 
glucosidases, glucose oxidase,. -carbonic anhydrase, peroxidases (e.gl 
horseradish peroxidase), phosphatases (e.g. alkaline or acid phospha- 
tase), glucose- 6-phosphate dehydrogenase, murinase and ribonuclease . 

Enzymes are not in themselves detectable, but must be combined with a 
substrate to catalyze a reaction, the end product of which is detect- 
able. Thus, a substrate may be added to the reaction mixture resul- 
ting in a coloured, fluorescent or chemiluminescent product or in a 
colour change or in a change in the intensity of the colour, fluore- 
scence or chemiluminescence. Examples of substrates which are useful 
in the present method as substrates for the enzymes mentioned above 
are H 2 0 2 , p-nitrophenylphosphate, lactose, urea, £-D-glucose, CO2, 
RNA, starch, or malate. The substrate may e.g. be combined with a 
chromophore which is either a donor or acceptor. 
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It has been found that labels of non- animal, including non-human 
origin, are especially useful in the detection of B. burgdorferi 
antibodies, as these labels are not naturally present in the animal 
or human sera to be tested. When using substances naturally present 
5 in animal or human serum as labels, e.g. using alkaline phosphatase 
as a label, these substances of serum origin may contribute to the 
signal obtained in the determination employing these substances as a 
label and thus result in a value which is too high for representing 
the amount of bound antibody from the sample . Thus , labels of plant 
10 origin have been found to be very useful, e.g. labels comprising 
plant peroxidases, such as horseradish peroxidase. 

Fluorescent substances which may be used as labels for the detection 
of the components as used according to the of invention may be 4- 
methylumbelliferyl -phosphate , 4-methylumbelliferyl-D-galactopyrano- 
15 side, and 3- (p-hydroxyphenyl) propionic acid. These substances may be 
detected by means of a fluorescence spectrophotometer. Chemilumine- 
scent substances which may be employed are peroxidase/eosin/EDTA, 
isoluminol/EDTA/H202 and a substrate therefor. 

Chromophores may be o-phenylenediamine or similar compounds. These 
20 substances may be detected by means of a spectrophotometer. Radio- 
active isotopes may be any detectable isotope which is acceptable in 
a laboratory, e.g. 125 I f 131 I, , 3 H, 35 P, 35 S or 14 C. The radioactivity 
may be measured in a 7-counter or a scintillation counter. 

Complexing agents may be Protein A (which forms a complex with immu- 
25 noglobulins) , biotin (which forms a complex with avidin and strepta- 
vidin) , and lectin (which forms a complex with carbohydrate deter- 
minants, e.g. receptors). In this case, the complex is not in itself 
directly detectable, necessitating labelling of the substance with 
which the complexing agent forms a complex. The marking may be per- 
30 formed with any of the labelling substances described above. 



Further, carbohydrates and detectable antibodies may be employed as 
labels . 
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In an embodiment of the invention, the diagnostic agent may comprise 
an immunologically active component of B. burgdorferi which is 
coupled to a bridging molecule coupled to a solid support. The bridg- 
ing molecule, which is designed to link the solid support and the 
immunologically active components may be hydrazide, Protein A, 
glutaraldehyde , carbodiimide, or lysine. 

The solid support employed in the diagnostic agent of the invention 
is e.g. a polymer or it may be a matrix coated with a polymer. The 
matrix may be of any suitable solid material, e.g. glass, paper or 
plastic. The polymer may be a plastic, cellulose such as specially 
treated paper, nitrocellulose paper or cyanogenbromide- activated 
paper. Examples of suitable plastics are latex, a polystyrene, poly- 
vinyl chloride , polyurethane , polyacrylamide , polyvinylacetate and any 
suitable copolymer thereof. Examples of silicone polymers include 
siloxane. 

The solid support may be in the form of a tray, a plate such as a 
mitrotiter plate, e.g. a thin layer or, preferably, strip, film, 
threads, solid particles such as beads, including Protein A-coated 
bacteria, or paper. 

In another aspect, the invention relates to an antibody which is 
raised against or directed substantially only against a surface 
antigen as specified above which, as its major immunizing component, 
comprises a determinant of the OspA polypeptide or an immunological 
active subsequence thereof. Such an antibody may be a polyclonal or 
monoclonal antibody. 

For purposes not requiring a high assay specificity, the antibody may 
be a polyclonal antibody. When a higher specificity is desired, the 
antibody is preferably a monoclonal antibody. Usually, the use of a 
monoclonal antibody provides a higher precision and accuracy of the 
assay, at the same time possibly requiring less time to perform. A 
mixture of two or more different monoclonal antibodies may be employ- 
ed as this may increase the detection limit and sensitivity of the 
test. The monoclonal antibody may be obtained by use of conventional 
techniques, e.g. as a result of fusing spleen cells from immunized 
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mice (such as Balb/c mice) with myeloma cells using conventional 
techniques (e.g. as described by Dalchau et al., 1980 (33)). The 
fusions obtained are screened by conventional techniques such as 
binding assays. Antibodies possessing high affinity may be selected 
for catching techniques. 

Polyclonal antibodies may be obtained by conventional techniques, 
e.g. by injecting the B. burgdorferi preparation into an animal, pre- 
ferably after the addition of a suitable adjuvant such as Freund's 
incomplete or complete adjuvant. When the immunogens are protein- 
containing fractions from B. burgdorferi spirochaetes , the animals 
may be rabbits, mice etc. The animals are bled regularly, for in- 
stance at weekly intervals, and the blood obtained is separated into 
an antibody containing serum fraction, and optionally said fraction 
is subjected to further conventional procedures for antibody purifi- 
cation, and/or procedures involving use of B. burgdorferi fractions. 

The antibody used in the present method is preferably in substantial- 
ly pure form, e.g. having been purified according to suitable techni- 
ques, in order to improve the precision and/or accuracy of the assays 
of the invention. 

In a further aspect, the present invention relates to a method of 
determining the presence of the B. burgdorferi antigen in a sample 
which method comprises incubating the sample with the antibody de- 
fined above and detecting the presence of bound antigen resulting 
from the incubation. The antibody may be provided with a label as 
explained above and/or may be bound to a solid support as exemplified 
above . 



The detection of B . burgdorferi antigens in a sample may be carried 
out by using some of the well known ELISA principles, e.g. direct, 
catching, competitive and double enzyme linked immunosorbent assay. 
In e.g. an inhibition assay a purified polypeptide preparation of the 
invention is attached to a solid support (e.g. a polystyrene micro- 
titer tray); the test solution to be measured is mixed. with specific 
reference antibodies, e.g. the antibodies of the present invention, 
and this mixture is incubated with the solid support provided with 
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the polypeptide preparation as mentioned above. After sufficient 
washing, enzyme -labelled antibodies are added, and finally enzyme 
substrate is applied. For further detailed information of the prin- 
ciples employed in EL1SA techniques, see for instance Voller et al., 
1979 (52). 



More specifically, the method of detecting B. burgdorferi antigens 
may be performed by a method comprising incubating the sample with a 
first antibody, e.g. a monoclonal antibody as described above, which 
is coupled to a solid support, and subsequently with a second an- 
tibody, e.g. of the type described above, which second antibody is 
provided with a label. The solid support and the label may be of the 
types mentioned above. 

In another embodiment, the detection of B. burgdorferi antigens in a 
sample may be performed by incubating the sample with an antibody, 
e.g. of the type described above, which is coupled to a solid sup- 
port, and subsequently with OspA or an immunologically active part 
thereof being provided with a label. Alternatively, the antibody 
coupled to the solid support may be incubated with any of fractions 
B, C and E of which fractions one or more immunologically active 
components are provided with a label. The label and the solid support 
may be of any of the types described above. 

In another alternative method of determining B . burgdorferi antigens 
in a sample, the sample is incubated with OspA or one or more im- 
munologically active parts thereof which is/are coupled to a solid 
support, and then incubated with a suitable antibody provided with a 
label, e.g. of the type described above. The methods discussed above 
may be employed for detecting B. burgdorferi antigens in any sample, 
e.g. in any of the samples discussed above. 

In a further aspect, the present invention relates to a diagnostic 
agent for the detection of B. burgdorferi infection in humans and 
animals, which diagnostic agent comprises a DNA sequence which is 
homologous to a DNA sequence encoding an immunologically active 
component of B. burgdorferi. 
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The DNA sequence may be a sequence which encodes any of the immunolo- 
gically active components of B. burgdorferi. Thus, the DNA sequence 
nay be the sequence encoding one of the immunologically active pro- 
teins contained in any of the above described fractions B, C and E of 
B. burgdorferi, e.g. a DNA sequence which encodes an immunologically 
active outer membrane protein from B. burgdorferi. Preferably, the 
DNA sequence is the sequence encoding OspA or a part thereof, which 
sequence is shown in Fig. 5 and described above. 

The diagnostic agent comprising a DNA sequence may be used for the 
detection of B . burgdorferi infections in humans and animals by use 
of a method which comprises reacting a sample from the human or the 
animal with the diagnostic agent comprising the DNA fragment and 
detecting the presence of homologous DNA in the sample. The DNA 
fragment for this detection may be the DNA fragment shown in Fig. 5 
or a part thereof. 

The DNA fragment used for this purpose may be provided with a label, 
e.g. a label of the type described above and may be coupled to a 
solid support, e.g. of the type described above. 

In a particular embodiment of the invention, diagnosis of S. burgdor- 
feri infection in humans or animals is performed by use of a DNA 
probe, and the polymerase chain reaction procedure described by 
Randall et al., 1985 (21), Randall et al., 1988 (53), and Stoflet et 
al. , 1988 (54) may be employed. The polymerase chain reaction (PCR) 
is a procedure used for the amplification of DNA present in a sample. 
The procedure involves the use of two oligonucleotide primers which 
flank the DNA segment to be amplified. The oligonucleotide primers 
may e.g. comprise the flanking regions of the ospA gene and may thus 
be used to amplify the ospA gene present in a sample. The oligo- 
nucleotide primers hybridize to opposite strands of the DNA sequence 
to be amplified, and the primers are extended by using DNA polymera- 
se, e.g. the Klenow fragment of E. coli DNA polymerase I or another 
useful DNA polymerase such as the Taq DNA polymerase, so as to syn- 
thesize a DNA sequence which is complementary to the DNA sequence to 
which the primers are annealed. Subsequent to the synthesis of these 
complementary sequences, the DNA synthesized is denatured,, e.g. by 
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heating, from the "parent DNA strings", and the parent strings as 
well as the newly synthesized DNA strings are subjected to a new PGR 
amplification cycle. In this manner, it is possible to obtain a sub- 
stantial amplification of specific DNA sequences which are present 
5 in a sample. By use of the PCR amplification method, it may be pos- 
sible to amplify and thus detect the presence of originally very 
small and undetectable amounts of DNA sequences present in a sample 
which presence, in the present context, is used as an indication of 
B . burgdorferi infection. 

10 The present invention will now be further described with reference to 
the accompanying drawings and the following Examples. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is further disclosed in the following with reference to 
the drawings in which 

15 Fig. 1 shows a flow diagram of the procedure for isolation of frac- 
tions A through F of B. burgdorferi. The procedure is described in 
detail in Example 1. The following abbreviations are used: OGP: 
octyl-^-glucopyranoside; sarcosyl: sodium lauryl sarcosinate; MeOH: 
251 methanol in water; SDS: sodium dodecyl sulfate. The numbers refer 

20 to incubation temperatures in °C. 

Fig. 2 shows the result of a SDS-PAGE analysis of Coomassie brilliant 
blue-stained proteins of whole-cell and fractionated lysates of B . 
burgdorferi strain B31 (ATCC 32510). Molecular weights (xlOOO) are 
shown to the right. Lane 1 is fraction F, lane 2 is E, lane 3 is D, 
25 lane 4 is C, lane 5 is B, lane 6 is molecular weight standards, and 
lane 7 is whole-cell B. burgdorferi Connecticut strain No. 2591. The 
SDS-PAGE analysis is described in further detail in Example 1. The 
gel was run for 5 hours and 20 minutes at 95-280 V. The acrylamide 
concentration was 10X. 

30 Fig. 3a shows the result of a SDS-PAGE analysis of Coomassie brilli- 
ant blue-stained proteins of fractionated lysate of B . burgdorferi 
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strain ACA-1 (2). Molecular weights (xlOOO) are shown to the right. 
Lane 1 and 5 are molecular weight standards, lane 2 is fraction E, 
lane 3 is fraction C, and lane 4 is fraction B. The gel was run for 
15 hours and 15 minutes at 74 V. The acrylamide concentration was 
15Z. 

Fig. 3b shows the result of a comparative SDS-PAGE analysis of Coo- 
massie brilliant blue stained proteins of fractionated lysates of B. 
burgdorferi strains B31 and ACA-1. Lane 1 and 8 are molecular weight 
standards, lane 2 is fraction C of B31, lane 3 is fraction C of 
ACA-1, lane 4 is fraction E of B31, lane 5 is fraction E of ACA-1, 
lane 6 is fraction B of B31 and lane 7 is fraction B of ACA-1. The 
gel was run for 16 hours and 30 minutes at 74 V. The acrylamide 
concentration was 15%. 

Fig. 4 shows the plasmid pTRH32 from which the hybrid plasmid pTRH44 
used for nucleotide sequencing of the OspA gene of B. burgdorferi is 
produced. The sequencing strategy is depicted. The indicated DNA 
fragments were cloned into a M13 phage as described in Example 2 and 
direction of sequencing of the strand is shown by arrows underneath 
the restriction map. The open box in the plasmid DNA represents 
pBR322 DNA and the filled- in boxes in the pTRH44 plasmid represent 
Tn5 DNA. The recognition sites for the endonucleases Hpal (Hp), 
Ahalll (A), Haelll (Ha), PstI (P), Hindlll (H) ( EcoRI (E) , Seal (S), 
SphI (Sp) and Sail (SI) are indicated. 

Fig. 5 shows the nucleotide sequence of the OspA structural gene and 
its upstream 5' -flanking region as well as the amino acid sequence of 
OspA as deduced from the nucleotide sequence of ospA and is further 
explained in Example 2. The numbers above each line refer to the 
amino acid position, whereas numbers below the sequence refer to the 
nucleotide position. The promoter regions PI and P2 are indicated by 
horizontal lines. The respective -35 and -10 regions are also shown. 
The ribosomal binding sites (RBS) are shown by a horizontal line and 
bold lettering. The start of the OspA protein is indicated and the 
stop codon is marked by an asterisk. 
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Fig. 6 shows a hydropathic index of OspA from amino acid 1 to amino' 
"acid 273 as determined by computer analysis according to Kyle et al. f 
1982 (20) . The OspA sequence is represented on the X axis while the 
hydropathic index is represented on the Y axis. A positive hydropha- 
5 tic index indicates a hydrophobic amino acid whereas a negative 
hydrophatic index indicates a hydrophilic amino acid. The index 
reveals that the N- terminal end of OspA is highly hydrophobic. Compu- 
ted using an interval of 9 amino acids. (Gravy - -5). 

Fig. 7 shows a hydrophilicity profile of protein sequence OspA resul- 
10 ting from computer analysis according to Hopp et al., 1981 (34), The 
OspA sequence is represented on the X axis and the degree of hydro- 
philicity is represented on the Y axis. The most hydrophilic region 
is found around amino acid 54. Computed using an average group length 
of 6 amino acids. 



15 Fig. 8 shows a curve of the charge of protein OspA as a function of 
the pH (from 0 to 14) as determined by computer analysis of the 
deduced amino acid sequence of the OspA protein using the pC/gene 
programme by Genofit SA, Geneva, Switzerland. 

Fig. 9 shows the amino acid composition of the deduced OspA sequence 
20 as determined by computer analysis according to Harr et al. f 1986 
(37). 

Figs. 10a- lOf show the predicted secondary structure of OspA as de- 
termined by computer analysis of the deduced OspA amino acid sequence 
as described by Gamier et al., 1978 (35). The predicted secondary 

25 structure is shown on the sequence us ing conformation codes ( Fig . 

10a), as a semigraphical output (Fig. 10b) using the symbols descri- 
bed in the Figure, and in plots showing the coil conformation (Fig. 
10c) , the extended conformation (Fig. lOd) , the turn conformation 
(Fig. 10e) f and the helical conformation (Fig. lOf ) f of the OspA 

30 sequence . 

Fig. 11 shows a plot of secondary structure curves for the OspA se- 
quence showing the hydrophobic ity profile, the charge residues pro- 
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file, the alpha helix propensity, the beta sheet propensity, and the 
reverse turn propensity. 

Fig. 12 shows a plot of the beta turn probability profile of the OspA 
sequence as determined by computer analysis according to Chou et al. , 
1979 (36). 

Fig. 13 shows the position and sequence of the predicted beta turns 
as revealed by computer analysis of the deduced amino acid sequence 
of OspA. 

The present invention will now be further described with reference to 
the following Examples. 



MATERIALS AND METHODS 
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Media 

TSM buffer (10 mM Tris, pH 7.4; 150 mM NaCl; 5 mM MgCl 2 ) 

TSEA (10 mM Tris, pH 7.4; 150 mM NaCl; 10 mM EDTA; 0.05% sodium 
azide) 

BSK II medium (Barbour-Stoenner-Kelly medium) [Barbour, A.G. (1984) 
(25)] 



EXAMPLE 1 

Preparation of cell fractions 

The procedures for preparing fractions B,C and E of i. burgdorferi 
are summarized in the flow diagram shown in Fig. 1. 

Two liters of BSK II medium containing approximately lO 1 * cells of B . 
burgdorferi (ATCC 32510) in late log phase of growth were 'harvested 
by centrifugation in a high speed Beckman J221 centrifuge at 9,000 
x g for 20 minutes at 20 °C and washed once with TSM buffer. The 
resulting pellet was resuspended in 10 ml of TSM buffer and placed on 
ice. After 15 minutes, 2.4 ml of 10% octyl-0-D-glucopyranoside (OGP; 
Calbiochem, San Diego, Ca) in TSEA were added. The cell suspension 
was incubated at 37°C for 1 hour. The resultant cell lysate was 
centrifuged at 48,000 x g for 30 minutes at 25 °C. A clear OGP super- 
natant (S37) and an OGP-insoluble white pellet (P37) were obtained. 
The supernatant was then incubated at 56°C for 30 minutes. The floc- 
culent white precipitate (P56) formed after the heating was separated 
from soluble constituents (S56) by centrifugation at 48,000 x g for 
30 minutes at 37°C. The original pellet (P37) was washed by resuspen- 
sion in 10 ml of TSEA, centrifuged at 48,000 x g for 5 minutes and 
suspended in 10 ml of IX sodium lauryl sarcosinate (Sarkosyl) in TSEA 
and incubated at 37°C for 1 hour and then at 20°C for 15 hours. The 
P56 fraction was treated in the same way as P37. The P37 suspension 
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remained opalescent, while the P56 fraction cleared when incubated in 
Sarkosyl. Both fractions were centrifuged at 48,000 x g for 30 minu- 
tes at 25°C. There was a large translucent Sarkosyl- insoluble pellet 
(P37-p) and a clear supernatant (P37-s) in the P37 tube. In the P56 
tube, there was no discernible pellet; only the supernatant was 
saved. The P37-s and P56-s fractions were each dialyzed against 25% 
methanol in glass-distilled water at 20°C. The contents of the dialy- 
sis bags (Bethesda Research Laboratories) were lyophilized, and P37-s 
and P56-s fractions that were recovered were designated fraction F 
and fraction E, respectively. Fraction S56 was passed through a 0.45 
micron nitrocellulose filter (Millipore low protein binding filter) 
and then dialyzed against glass-distilled water at 4°C. The S56 
precipitate that formed in the dialysis bag was recovered by centri- 
fugation (48,000 x g for 30 minutes at 25°C). The water- insoluble 
pellet was designated fraction B and the water-soluble supernatant 
was designated fraction C. Both fractions were lyophilized. Fraction 
P37-p was resuspended in 10 ml of 1% Sarkosyl in TSEA and incubated 
for 1 hour at 37 °C. This suspension was then centrifuged at 48,000 x 
g for 30 minutes at 25°C. The supernatant was discarded. The pellet 
was resuspended in 2% SDS in TSEA and incubated at 65 °C for 30 minu- 
tes. The suspension was then centrifuged (48,000 x g for 30 minutes 

r 

at 25 B C). The pellet was designated fraction A and was washed in 
glass-distilled water, whereas the supernatant (designated fraction 
D) was dialyzed against 25X methanol. Both fractions were lyophili- 
zed. There were insufficient. amounts of fraction A produced for 
extensive testing. This fraction was therefore not used. 

To reconstitute the fractions for use as antigens, 100 fig of lyophi- 
lized extracts were each mixed with 1.0 ml of PBS containing 0.05Z 
Triton X-100 (Bio-Rad, Richmond, Ca) . The protein content was deter- 
mined using a commercially available assay (Bio-Rad, Richmond, Ca) ; 
values ranged from 18 /jg/ml (fractions B and E) to 28 pg/ml (fraction 
C). Solutions of fraction B required three 15-sec bursts using a 
Biosonic sonicator (Bronwill Scientific, Rochester, N.Y.) at a set- 
ting of 602 and pipette washing of this material to obtain adequate 
suspensions. Similarly,, fractions B, C, E, F, D and A of Borrelia 
burgdorferi spirochaetes of the strain ACA-1 described by Asbrink et 
al., 1985 (18) were obtained. 
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SDS-PAGE 

To determine the protein content of preparations of whole cells and 
the fractions obtained above of Borrelia burgdorferi strains B31 and 
ACA-1, the preparations were analyzed by polyacrylamide gel elec- 
5 trophoresis (PAGE) . The preparations were prepared as follows: After 
three washings in phosphate -buffered saline containing 5 mM MgCl 2 (pH 
6.4), the whole cell spirochaetes and the fractions were suspended in 
distilled water. The amount of protein in the suspensions was deter- 
mined using a commercially available assay (Bio-Rad, Richmond, Ca) . 

10 Incubation buffer (5X 0.2 M Trizma base neutralized with H3PO4 (pH 
6.8), 11 SDS, IX mercaptoethanol, 48X urea in distilled water) was 
added in an equal volume to the suspensions to give a final concen- 
tration of 0.85 mg of protein per ml. The samples were boiled for 5 
minutes, and 10 to 25 ^1 were subjected to SDS-PAGE in a Hoefer SE 

15 600 Vertical Gel Unit. The protein band pattern obtained for B31 is 
shown in Fig. 2, the pattern for ACA-1 (fractions B, C and E) is 
shown in Fig. 3a, and Fig. 3b shows a comparative analysis of frac- 
tions B, C and E of strains B31 and ACA-1. 

For B31, the acrylamide concentration was 10%. The gels w6re stained 
20 with Coomassie brilliant blue R-250 (Sigma) and included the follow- 
ing molecular weight standards: a-chymotrypsinogen (25,700), ovalbu- 
min (43,000), bovine serum albumin (68,000), and phosphorylase B 
(97,400) (Bethesda Research Laboratories, Inc., Gaithersburg, Md) . 

For ACA-1, the acrylamide concentration was 15Z. The gels were stai- 
25 ned with Coomassie brilliant blue R-250 (Sigma) and included the 

following molecular weight standards: a-lactalbumin (14,400), soybean 
trypsin inhibitor (20,100), carbonic anhydrase (30,000), ovalbumin 
(43,000), bovine serum albumin (67,000), and phosphorylase B 
(94,000) (Pharmacia, Uppsala, Sweden). These molecular weight stan- 
30 dards were also used in the comparative analysis. 

The presence of major outer surface proteins (OspA and OspB) of the 
B. burgdorferi strains was further confirmed by testing the above 
whole cell and fraction preparations by immunoblot analyses according 
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to Barstad et al. (27) against murine monoclonal antibodies (H5332,- 
H3TS, and H6831) . 

Serologic test enzyme- linked immunosorbent assay {ELISA) 

Two isolates of B. burgdorferi, the Shelter Island, New York strain 
B31 (ATCC 32510) and a Connecticut strain (No. 2591) (white footed 
mouse, Anderson et al., 1983 (11)), were maintained in BSK II medium. 
Fractionated preparations of spirochaetes were derived from stocks of 
the B31 strain, while whole cells used in ELISA are taken from sub- 
cultures of the Connecticut strain. 

Serum samples from persons who had Lyme disease, relapsing fever, 
yaws, or syphilis were tested against the whole cell or fractions of 
B. burgdorferi in ELISA. The test procedures were essentially as 
described by Voller et al. (17). 

Protein concentrations in preparations of whole cell or fractions of 
the above strains obtained by the methods outlined above were ad- 
justed by diluting with PBS to 3 pg and 18 pg/ml, respectively, to 
standardize ELISA methods and to ensure optimum reactivity. 

Positive and negative (control) antigens were added in alternate rows 
(50 pi per well) to 96-well, flat -bottomed, polystyrene plates 
(Nunc, Denmark). The positive .control sera were from persons who had 
erythema migrans and who lived in areas endemic for Lyme disease. 
After incubation for 18 to 20 hours at 37 °C (at which time the wells 
were dry), 200 pi of 0.5X donor horse serum in PBS were added to each 
well to block binding sites not covered with antigen. Plates were 
incubated for 1 hour at 37°C and washed three times with PBS-0.05Z 
Tween 20. 



Test sera were diluted in twofold steps starting at 1:80 in a dilu- 
tion buffer of PBS-0.05Z Tween 20 containing 5.0Z donor horse serum 
and 50 pg of dextran sulfate per ml (analytical grade: ICN Pharmaceu- 
ticals, Cleveland, Ohio). Sera were added in 60 pi volumes to each 
well, and after 1 hour of incubation at 37 °C, the plates were washed 
four times with PBS-0.05Z Tween 20. 
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Subsequently, 60 /il of horseradish peroxidase-conjugated anti- species 
antisera were added to each well (goat anti-human immunoglobulin, 
Tago, Inc., Burlingame, Ca) diluted to 1:1000 in dilution buffer. 
The incubation period for each step was 1 hour at 37 °C, followed by 
5 four washes with PBS-0.05X Tween 20. 

t 

60 pi of commercially prepared 2,2' -azino-di-(3-ethyl-benzthiazoline 
sulfonate) substrate (Kirkegaard and Perry Laboratories, Gaithers- 
burg, Md) were added to each well. Plates were then incubated for 60 
minutes before determining absorbance values. 

10 Absorbance values (optical densities) of all preparations were recor- 
ded at 414 ran by using a microplate photometer (Multiskan; Flow 
Laboratories, Rockville, Md) . For each serum dilution, a net absor- 
bance value (representing the difference in optical densities between 
positive antigens and PBS) was calculated. Each plate contained a 

15 positive serum dilution and a series of known negative control serum 
dilutions. The average net absorbance values for the known negative 
serum dilutions were analyzed statistically to determine significant 
titers for positive reactions. A serum dilution was considered posi- 
tive if it yielded a net absorbance greater than the total derived by 

20 adding three standard deviations to the mean ( [SD x 3] + ±) of the 
absorbance for the group of negative serum dilutions. 

To determine critical regions for positive test results, normal human 
serum specimens were screened against fractionated (n«22-27 sera 
tested) and whole cell preparations of B. burgdorferi (n-28 sera). 

25 The screening was performed for total immunoglobulins and IgG. The 
results are listed in Table 1. Average net absorption values for 
samples tested against the fractions ranged from 0.20 to 0.25 and 
from 0.18 to 0.23 for serum dilutions of 1:320 and 1:640, respec- 
tively. In ELISA with whole cell B . burgdorferi, cut-off values of 

30 0.26 and 0.17 were recorded. Net absorption values for the positive 
control sera were usually considerably higher than those listed 
above, regardless of the antigen used. 



48 



Comparative analyses for class-specific IgG antibody revealed dif- ' 
ferences in specificity and sensitivity when sera were tested with 
the fractions. The results are listed in Table 2. For example, of the 
22 serum specimens from persons who had relapsing fever, yaws, or 
syphilis that reacted positively to whole cells of B. burgdorferi, 7 
(32Z) remained reactive to fraction B. Only three of 16 samples from 
patients with syphilis or yaws were positive. In contrast, 30 (91X) 
of 33 specimens from patients who had Lyme disease and homologous 
antibody to whole cells of B. burgdorferi reacted positively to frac- 
tion B. The 3 samples that did not react to fraction B had relatively 
low antibody titers (1:640-1:1280) when tested against whole cells. 
Greater losses of sensitivity were noted in tests with the other 
fractions . 

Serum specimens that were reactive in assays with whole cells of B. 
burgdorferi were reanalyzed in class-specific ELISA with the frac- 
tions of B . burgdorferi to determine the variability of titration end 
points. The results are shown in Table 3. Titers for 28 sera differed 
by 2 fold or less (n-15 samples) or by 4 fold (n=ll) when fraction B 
was coated to the solid phase. Titers for the other two samples dif- 
fered by 8 fold. Titration end points for 15 samples were usually 
higher in assays with fraction B than with whole cells. In tests for 
reproducibility, antibody titers to fraction B differed by 2 fold or 
less (n-13 samples), 4 fold (n=l) , or by 8 fold (n-1) in the second 
trial. All 12 negative sera were likewise non-reactive in duplicate 
tests. When results for fractions C, D, E, and F were compared to 
those of whole cell or to fraction B reactivity (Table 3), 8 or 9 
sera were considered positive, respectively. Antibody titers varied 
by as much as 32 fold. 
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TABLE 1 



Reactivity of normal human serum samples with whole cells or frac 
tions of B. burgdorferi in ELISA 







Total 


immunoglobulins 




IgG 








Critical regi- 




Critical regi- 




Prote- 




ons a for serum 




ons a for serum 




in con- 


Total 


dilutions of 


Total 


dilutions of 


Anti- 


tents 


sera 




sera 




gens 


Mg/ml b 


tested 


l:320 c l:640 c 


tested 


l:320 c l:640 c 



Whole- 
cell 85 28 0.26 0.17 27 0.16 0.13 
15 Fraction: 



B 


18 


22 


0.21 


0, 


.19 


27 


0.12 


0.09 


C 


25 


23 


0.22 


0. 


.23 


27 


0.20 


0.14 


E 


10 


27 


0.20 


0, 


.18 


27 


0.20 


0.16 


D 


28 


25 


0.25 


0, 


.20 


27 


0.19 


0.13 


F 


35 


25 


0.23 


0. 


.20 


27 


0.15 


0.13 



a 3 standard deviations + ± . .... 

b Quantity of protein present in stock preparations of antigen before 
coating the solid phase 

c Net absorbance values exceeding critical regions considered positi- 
ve 
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TABLE 2 



Reactivity of serum samples from persons with Lyme disease, syphilis, 
or relapsing fever with whole-cells or fractions of B. burgdorferi in 
ELISA 

5 



No. of No. (X) positive 3 to B .burgdorferi 
serum 



Test 
groups 


samples 
tested 


whole 
cell 


B 


Fractions 
C 


E 


D° 


F 


Lyme dis 
















ease c 


33 


33(100) 


28(85) 


21(64) 


18(55) 


11(73) 


23(70) 


Tick- 
















borne re 
















lapsing 
















fever 


1 


1(100) 


1(100) 


1(100) 


1(100) 


1(100) 


1(100) 


Louse - 
















borne re 
















lapsing 
















fever 


3 


3(100) 


3(100) 


2(67) 


0 


2(67) / 


3(100) 


Yaws 


2 


2(100) 


0 


0 


0 


1(50) 


0 


Syphi- 
















lis d 


16 


16(100) 


3(19) 


7(44) 


2(13) 


3(43) 


0 



25 a Positive at serum dilutions >1:320 in tests for IgG antibodies. 

k Because the antigen supply was exhausted, the total numbers of sera 
tested were as follows: 

Lyme disease (n-15), tick-borne relapsing fever (1), louse-borne 
relapsing fever (3), yaws (2), and syphilis (7). 
30 c Persons developed erythema migrans and also had neurologic or 
arthritic disorders. 

d One sample reacted to whole cells and fractions B and C at 1:5120 
but was depleted before being screened against fractions, E, D and F. 
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TABLE 3 

Reactivity of serum samples from persons with Lyme disease to whole - 
cell or fractions of B. burgdorferi in ELISA for IgG antibody 

Reciprocal IgG antibody titers 3 

5 



Fractions 

Pa- Whole 



10 



15 



20 



tient^ 


cell 


B 


C 


E 


D 


F 


ED 


20,480 


20,480 


20,480 


5,120 


640 


5,120 


MP 


10,240 


1,280 


N b 


N 


N 


5,120 


PD 


10,240 


20,480 


1,280 


2,560 


320 


1,280 


RB 


5,120 


20,480 


320 


1,280 


1,280 


640 


KZ 


5,120 


20,480 


1,280 


2,560 


320 


10,240 


RR 


5,120 


10,240 


2,560 


640 


2,560 


20,480 


BB 


2,560 


5,120 


1,280 


320 


640 


2,560 


FM 


1,280 


10,240 


5,120 


2,560 


N 


N 


FW 


1,280 


5,120 


N 


1,280. 


640 


640 


FM 


640 


2,560 


5,120 


2,560 


N 


N 


JW 


640 


1,280 


640 


N 


N 


640 


JE 


640 


N 


N 


N 


1,280 ' 


N 



a N - Negative «1:160) 

b Persons had erythema migrans -and one or more later manifestations 
25 of Lyme disease. 

The sensitivity and reproducibility of assays were monitored daily by 
including the same positive and negative serum specimens. When new 
lots of peroxidase-labelled antisera were purchased, procedures were 
standardized accordingly. 



EXAMPLE 2 
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Isolation and sequence analysis of Che OspA genes 
Bacterial strains and plasmids 

Escherichia coli TGI [supE, thi, (lac-pro), hsdDS/T 9 traD36 , proAB, 
lacl 9 lacZ M15] (Gill et al., 1986 (43)) were used as hosts for M13 
growth. pTRH44 is an ampicillin resistant derivative of the vector 
pUC9 (44). The pUC plasmid carries an 1,6 kb DNA fragment containing 
the gene encoding OspA. The construction of the plasmid pTRH44 is 
described in Howe et al., 1986 (39). 

Media and culturing conditions 

Cells were grown in L-broth (G. Bertani, 1952 (45)) supplemented with 
medium E (Vogel and Bonner, 1956 (40)). Plasmid-containing strains 
were grown in media supplemented with ampicillin (100 microgram/ml) . 
The bacterial cultures were incubated at 37 °C while shaking. The E. 
coli DH5 (recA) (purchased from BRL, Life Technologies, Inc.) was 
transformed with pTRH44 after having been made competent by the CaCl 2 
method according to Hanahan, 1983 (41). 

Isolation of plasmid DNA 

Restriction endonucleases , T4 DNA ligase, reverse transcriptase (Life 
Sciences Inc.), Sequenase (US Biochemical), and the Klenow fragment 
of DNA polymerase I (New England Biolabs and Pharmacia) were used as 
recommended by the manufacturers. Plasmid DNA was isolated from an 
overnight culture of E. coli DH5 harbouring the plasmid pTRH44 by 
lysing the cells by the "lysis by boiling" -method according to Mania- 
tis et al., 1982 (30). The plasmid DNA was digested with Hpal and 
Sail so as to obtain the 1.6 kb DNA fragment encoding OspA. The 
1.6 kb DNA fragment was isolated by agarose gel electrophoresis as 
described by Maniatis et al., 1982 (30) and was subjected to further 
restriction enzyme cleavage in accordance with the strategy outlined 
in Fig. 4. The DNA fragments were isolated by using an analytical 
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electroelutor (International Biotechnologies, Inc.) as recommended by 
the vendor. 

Sequence analysis 

The DNA fragments obtained above were ligated into K13 mpl8 and mp!9 
vectors (Messing et al. f 1982 (44)) and transfected into £. coli 
strains TGI by the method described by Hanahan, 1983 (41). The cloned 
fragments were sequenced by the dideoxynucleotide chain- termination 
method of Sanger et al. f 1977 (42). The software developed by Harr et 
al., 1986 (37) for VAX computers (Digital Equipment Corporation) was 
used to assemble the DNA sequences and to perform the DNA and protein 
sequence analyses. The resulting DNA sequence and the amino acid 
sequence deduced from the DNA sequence is shown in Fig. 5. 

The analysis of the DNA sequence revealed that the OspA presumably is 
encoded by an open reading frame of 819 nucleotides starting at 
position 151 of the DNA sequence and terminating at position 970 of 
the DNA sequence. The corresponding protein encoded by this open 
reading frame is a 273 amino acid protein having a molecular weight 
of 29,334 kd as predicted from the sequence analysis. No <}ther rea- 
ding frames on the DNA fragment could be translated to proteins of 
any significant length. Besides the presumed TAA-stop codon of the 
OspA gene positioned at nucleotide position 970-972, the isolated DNA 
fragment contains 12 bases which presumably separate the OspA gene 
and the OspB gene which, as described above, are presumed to be 
organized within the same operon. 

Fourteen bases upstream of the presumptive start codon of OspA at 
position 151 is a consensus ribosomal binding site (-AAGGAGA-) (Gold 
et al., 1981 (27)). Further upstream from this translational start 
point are two regions, PI and P2, that resemble the consensus sequen- 
ce for sigma- 70 promoters found in £. coli (Rosenberg and Court, 
1979 (28)). An alternative promoter site closer to the ATG-start 
codon was also found, this possible promoter had a spacing between 
the "-35" and "-10" boxes that was not in agreement with the optimum 
spacing favoured by the consensus sequence. The PI promoter was found 
to most closely resemble the consensus sequence. The twelve base pair 
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region which separates follows the TAA-stop codon of the OspA gene 
and also contains a ribosome binding site that is similar in sequence 
to the ribosome binding sequence preceding the OspA open reading 
frame. 

Notable features of the sequence upstream of the Osp genes and the PI 
and P2 promoters include two closely- spaced direct repeats of the 
twelve base sequence AACCAAACTTAA (beginning at positions 13 and 29) 
and a 14-mer palindromic sequence (TTATATTAATATAA) starting at nucle- 
otide 123. 

Amino acid composition and codon usage 

The deduced amino acid composition of the OspA protein is shown in 
Fig. 5 and is not remarkably different from the composition of the 
proteins of other groups of organisms (Dayhoff et al. t 1983 (46)). Of 
note, however, is the comparatively high content (15X) of lysine, 
threonine (11Z) and serine (10. 5Z) in OspA. Only one cysteine residue 
was found in OspA. OspA is a basic protein with a calculated isoelec- 
tric point of 9.5. pH 7.0 OspA has a predicted charge of +4. The 
overall amino acid composition is shown in Fig. 9. 

The utilization of codons in the OspA gene was compared with the 
codon usage in E. coli. As expected of an organism with a G+C content 
of 302 (Hyde and Johnson, 1984~~(47) ) , B . burgdorferi has a preference 
for codons with an A or U in the wobble position. 

Sequence analysis of the translated OspA protein 

The primary structures of the translated protein was analyzed for 
signal sequences using the method of von Heijne, 1983 (23). A pos- 
sible cleavage site in the open reading frame specifying OspA was 
found between the alanine and cysteine residues at positions 16 and 
17. 

Beginning at residue 5 in OspA, the protein has an amino acid sequen- 
ce which is also found in the corresponding position of OspB. Thus, 
the following sequence: L-x-x-x-x-L-x-L-A-L-I-x-C is common to the 
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OspA and OspB proteins, in which sequences "x" is a non-charged amino 
acid residue, "L" is a leucine residue, n A n is an alanine residue, 
"I B is an isoleucine residue, and "C" is a cysteine residue. A varia- 
tion of this sequence in which the first two leucines are replaced by 
isoleucines was found starting at residue 5 of the precursor of 
another plasmid-specif ied protein, the ^-lactamase of Staphylococcus 
aureus (McLauglin et al. , 1981 (48)). This protein and OspA also 
share a number of other common features including the N- terminal 
sequence M-K-K, in which "M n is methionine, and "K" is lysine, aspa- 
ragines at positions 20 and 28, a serine at position 22, a glutamine 
at position 26, a valine at position 40, and a lysine at position 46. 
The S. aureus ^-lactamase belongs to a group of proteins, the lipo- 
proteins, that are fatty acylated at a cysteine residue in the N- 
terminus of the processed protein (Wu and Tokunaga, 1986 (49)). This 
class of proteins have a typical consensus tetrapeptide in their 
signal peptide (L-z-z-C), where z predominantly represents small, 
neutral amino acids (Wu et al., 1986 (49)). The OspA and also the 
OspB proteins show sequence similarity to the consensus sequence of 
the signal sequence of the lipoprotein precursors in bacteria. OspA 
as well as OspB have a sequence of L-z-z-C around the suspected 
peptidase cleavage site. In OspA, the sequence is L-I-A-C, while in 
OspB it is L-I-G-C. 

The hydropathicity profile and predicted secondary structure illu- 
strated in Figs. 6 and 10-13 for the OspA protein were found to be 
similar to the hydropathicity profile seen for other outer membrane 
proteins (Nikaido et al., 1985 (50)). Although the 16 amino acid 
signal peptide of OspA is highly hydrophobic, the remainder of the 
OspA protein contains several hydrophobic regions. These regions were 
found between amino acids 53 to 56, 72 to 76, 163 to 171, 214 to 226. 
and 242 to 246. The highest local hydrophilic region of the OspA 
protein was found around amino acid 46. Similar hydropathicity pro- 
file and predicted secondary structure were found for OspB. 

When the OspA and OspB proteins were compared, they were found to 
have 53Z overall sequence identity. The greatest degree of similarity 
between the two proteins was present in the initial one-third and the 
terminal one-third of the proteins (Fig. 12). 
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The middle part of each protein showed divergence from one another. 

Both Osp proteins were also examined for sequence similarity to other 
known proteins in the NBRF database using the algorithm of Lipman et 
al. ( 1985 (51). With the exception of S. aureus ^-lactamase this ana- 
lysis failed to reveal any significant sequence similarity to any 
other proteins in the database. 
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1. Immunologically active fractions B, C and E of Borrelia burgdor- 
feri obtained by the following steps: 

a) lysing B . burgdorferi spirochaete cells with a mild non-dena- 
turating detergent so as to release outer membrane components 
from the cells, and subsequently subjecting the lysed cells to 
centrifugation resulting in a first pellet comprising cell wall 
and flagellar components and a first supernatant comprising 
outer membrane components, 

b) incubating the first supernatant from step a) under conditions 
sufficient to precipitate at least part of the proteins of the 
first supernatant followed by centrifugation so as to obtain a 
second pellet comprising fraction E and a second supernatant, 

c) subjecting the second supernatant from step b) to filtration and 
dialyzing the supernatant against an aqueous medium with a low 
ionic strength or subjecting the supernatant to ultrafiltration 
so as to substantially remove the mild non-denaturating deter- 
gent and complex B . burgdorferi derived cell components in the 
dialysis bag or in the filtrate resulting from the ultrafiltra- 
tion, 

d) centrifugating the contents of the dialysis bag so as to obtain 
a third pellet comprising fraction B and a third supernatant 
comprising fraction C. 

2. Immunologically active fractions B, C and E of B. burgdorferi 
spirochaetes, each fraction being characterized by a protein dis- 
tribution pattern resulting from sodium dodecyl sulfate polyacryl- 
amide gel electrophoresis (SDS-PAGE) under the conditions specified 
in Example 1 being substantially similar to the protein distribution 
pattern shown in Fig. 2. 

3. Immunologically active fractions of a B. burgdorferi spirochaete 
strain substantially identical to the immunologically active frac- 
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tions B, C and E obtained when subjecting the same strain of B. 
burgdorferi spirochaetes to the procedure described in Example 1 as 
determined by methods of determining substantial identity. 

4. An immunologically active fraction of B. burgdorferi antigens 
having substantially the same reactivity with sera from patients with 
Lyme disease as that of whole cells of B . burgdorferi, but with 
substantially less reactivity with sera from syphilitic patients. 

4a. An immunologically active fraction according to claim 4 which is 
fraction B. 

5. A fraction according to claim 4 or 4a, which fraction reacts with 
a substantial percentage of the sera from patients with Lyme disease, 
e.g. at least about 85%, preferably at least 87%, e.g. at least 90% 
or 95%, but with an insignificant percentage of the sera of syphili- 
tic patients, e.g. with no more than about 20% such as 18%. 

6. A fraction according to any of claims 4-5, characterized by still 
being soluble in a mild non-denaturating detergent after having been 
incubated at 56°C for 30 minutes, and by being substantially in- 
soluble in water. 

7. An immunologically active fraction of B. burgdorferi spirochaetes, 
characterized by still being- soluble in a mild non-denaturating 
detergent after having been incubated at 56 °C for 30 minutes, and by 
being substantially soluble in water. 

7a. A fraction according to claim 7, which is fraction C. 

8. An immunologically active fraction of B . burgdorferi spirochaetes, 
characterized by substantially not being precipitated by a mild non- 
denaturating detergent, but being precipitated by incubation at 56°C 
for 30 minutes. 

8a. A fraction according to claim 8, which is fraction E. 
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9. The immunologically active fractions according to any of the 
preceding claims being substantially free from cell wall and flagel- 
lar components of B. burgdorferi. 

10. The immunologically active fractions according to any of the 
preceding claims being substantially free from sodium dodecyl sul- 
fate. 

11. Immunologically active fractions B, C and E of B. burgdorferi 
spirochaetes of New York strain B31 (ATCC 32510), each fraction being 
characterized by the following protein bands (expressed as molecular 
weight in kilodaltons (kd)) in a sodium dodecyl sulfate polyacryl- 
amide gel (containing 10* by weight of sodium dodecyl sulfate poly- 
acrylamide) after electrophoresis at 95-280 V for 5 hours 20 minutes 
and staining with Coomassie brilliant blue R-250 under the conditions 
specified in Example 1: 

Fraction B: 20, 21, 29, 31, 34, 39, 59, 66, 68, 85 kd 
Fraction C: 40, 70 kd 

Fraction E: 18, 20, 25, 31, 34, 41, 48, 55, 66, 68, 85 kd 

7 

11a. Immunologically active fractions according to claim 11, which 
comprise the 31 kd and 34 kd proteins, but not flagellin. 

12. Immunologically active fractions B, C and E of B. burgdorferi 
spirochaetes of strain ACA-1, each fraction being characterized by 
the following protein bands (expressed as molecular weight in kilo- 
daltons (kd)) in a sodium dodecyl sulfate polyacrylamide gel (con- 
taining 10X by weight of sodium dodecyl sulfate polyacrylamide) after 
electrophoresis at 74 V for 15 hours 15 minutes and staining with 
Coomassie brilliant blue R-250 under the conditions specified in 
Example 1: 

Fraction B: 13, 15, 19, 23, 24, 25, 28, 30, 32, 36, 38, 41, 47, 

50, 68 kd 
Fraction C: 14, 32, 36, 52, 68 kd 
Fraction E: 11, 14, 25, 30, 32, 36, 47, 50, 54 kd 



62 

13. A method of preparing one or more of fractions B, C and E of B. 
burgdorferi as defined in claims 1-12, which comprises the following 
steps: 



a) lysing B. burgdorferi spirochaete cells with a mild non-dena- 
turating detergent so as to release outer membrane components 
from the cells, and subsequently subjecting the lysed cells to 
centrifugation resulting in a first pellet comprising cell wall 
and flagellar components and a first supernatant comprising 
outer membrane components , 

b) incubating the first supernatant from step a) under conditions 
sufficient to precipitate at least part of the proteins of the 
first supernatant followed by centrifugation so as to obtain a 
second pellet comprising fraction E and a second supernatant, 

c) subjecting the second supernatant from step b) to filtration and 
dialyzing the supernatant against an aqueous medium with a low 
ionic strength or subjecting the supernatant to ultrafiltration 
so as to substantially remove the mild non-denaturating deter- 
gent and complex B. burgdorferi derived cell components in the 
dialysis bag or in the filtrate resulting from the filtration, 

d) centrifugating the contents of the dialysis bag so as to obtain 
a third pellet comprising fraction B and a third supernatant 
comprising fraction C. 



14. A method according to claim 13, wherein the mild non-denaturating 
detergent used in step a) is a non-denaturating, non- ionic and water- 
dialysable detergent. 

15. A method according to claim 14, wherein the mild non-denaturating 
detergent is octyl-0-D-glucopyranoside (OGP) . 

16. A method according to any of claims 13-15, wherein the lysis with 
the detergent is performed at a temperature in the range of about 20- 
60°C such as a temperature in the range of about 25-50°C, preferably 
a temperature in the range of about 30-40°C, e.g. about 37°C. 
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17. A method according to any of claims 13-16, wherein the concentra- 
tion of the mild non-denaturating detergent is in the range of about 
0.1-2* such as 0.2-1X. 



18. A method according to claim 13 in which the incubation in step b) 
is carried out at a temperature in the range of about 45-65 8 C. pre- 
ferably about 50-60°C such as about 56°C. 

19. A method according to claim 13, wherein the aqueous medium 
against which the dialysis in step c) is carried out is water, e.g. 
tap water, demineralized water, or destilled water. 

20. A method according to claim 13, wherein fraction E obtained in 
step b) is further purified by incubation with a detergent, such as 
sodium lauryl sarcosinate (Sarkosyl) , centrifugation of the incubated 
mixture resulting in a fourth pellet and a fourth supernatant, and 
subsequently dialysing the supernatant against a detergent- removing 
agent such as an alcohol, e.g. methanol, the alcohol preferably being 
in an aqueous solution in a concentration of 10-25Z (v/v) , so as to 
substantially remove the detergent, and subsequently centrifugating 
the contents of the dialysis bag resulting in a third pellet compris- 

• ing the purified fraction E. 

21. A method according to any' of claims 13-20. in which the second 
supernatant obtained in step b) is subjected to filtration, e.g. 
micro filtration such as filtration through a membrane with a pore 
diameter of at the most about 2.0 /xra, such as at the most about 
0.60 fm. preferably at the most 0.45 m , or at the most about 0.2 m . 

22. A method according to any of claims 13-21, which is carried out 
substantially as described in Example 1 herein. 

23. A DNA fragment encoding the 31 kd OspA protein of B. burgdorferi 
of the New York strain B31 (ATCC 32510), which DNA fragment further 
contains the 5' -end of the ospA gene or any modification thereof 
encoding a polypeptide which is functionally equivalent to OspA.- 
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24. A DNA fragment according to claim 23 having substantially the 
sequence shown in Fig. 5 or a part thereof. 

25. A vaccine for immunizing a mammal, including a human being, 
against Lyme disease and related disorders, the vaccine comprising an 
immunogenically effective amount of any one or more of fractions B f C 
and E as defined in claims 1-12 or combinations thereof together with 
an immunologically acceptable carrier or vehicle. 

26. A vaccine which comprises an immunogenically effective amount of 
one or more polypeptides encoded by the DNA fragment according to 
claim 23 or 24 or one or more of the proteins contained in fraction 
B, e.g. one or more of the 20, 21, 29, 31, 34, 39, 59, 66, 68 and 

85 kd proteins of B . burgdorferi New York strain B31 (ATCC 32510) or 
similar proteins isolated from other B. burgdorferi strains or a 
combination of the polypeptide(s) and protein(s) , and an immunoge- 
nically acceptable carrier or vehicle. 

27. A vaccine according to claim 25 or 26, wherein the carrier or 
vehicle is selected from macromolecular carriers such as a polymer, 
e.g. a polysaccharide or a polypeptide. 

28. A vaccine according to any of claims 25-27, which additionally 
comprises an adjuvant. 

29. A vaccine according to claim 28, wherein the adjuvant is selected 
from the group consisting of Freund's complete or incomplete adju- 
vant, aluminum hydroxide, a saponin, a muramyl dipeptide, and an 
oil. 

30. A vaccine according to claim 26, wherein said polypeptide is pro- 
duced by recombinant DNA techniques or by solid or liquid phase 
peptide synthesis. 

31. A vaccine according to claim 26, wherein the proteins are re- 
covered from fractions B, C and E. 
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32. A vaccine according to claim 31, wherein the proteins are re- 
covered from fractions B, C and E by use of immunoaf f inity chromato- 
graphy. 

33. A live vaccine for immunizing a mammal, including a human being, 
against Lyme disease and related disorders, the vaccine comprising a 
non-pathogenic microorganism carrying and being capable of expressing 
the DNA fragment according to claim 23 or 24. 

34. A fraction of B. burgdorferi spirochaetes selected from fractions 
B, C and E according to any of claims 1-12 or a polypeptide encoded 
by the DNA fragment according to claim 23 or 24 for use in immuni- 
zation against Lyme disease. 

35. Use of a fraction of B . burgdorferi spirochaetes selected from 
fractions B, C and E according to any of claims 1-12 or a polypeptide 
encoded by the DNA fragment according to claim 23 or 24 for preparing 
a composition for the immunization against Lyme disease. 

36. A diagnostic agent for the detection of B. burgdorferi antibodies 
in a sample, which comprises one or more fractions of B . burgdorferi 
spirochaetes selected from fractions B, C and E according to any of 
claims 1-12. 

37. A diagnostic agent for the 'detection of B. burgdorferi antibodies 
in a sample, which comprises one or more polypeptides encoded by the 
DNA fragment according to claim 23 or 24, or one or more of the 
proteins of fraction B, or a combination of one or more of these 
polypeptides and proteins. 

38. A diagnostic agent according to claim 36 or 37 which is provided 
with a label selected from the group consisting of enzymes, fluoro- 
phore, radioactive isotopes and complexing agents such as biotin. 

39. A diagnostic agent according to claim 38, in which the label is 
of non- animal, including non-human origin, e.g. being of plant ori- 
gin. 
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.40. A diagnostic agent according to claim 39, in which the label is a 
peroxidase, such as a horseradish peroxidase. 

41. A diagnostic agent according to any of claims 36-40, which is 
coupled to a solid support. 

42. A diagnostic agent according to claim 41, wherein the solid 
support is selected from plates, strips, beads, film and paper. 

43. A method of determining the presence of B . burgdorferi antibodies 
in a sample, the method comprising incubating the sample with a 
diagnostic agent according to any of claims 36-42 and detecting the 
presence of bound antibody resulting from said incubation. 

44. A method according to claim 43, wherein the sample is. selected 
from a human or animal body fluid such as blood, serum, plasma, 
urine, cerebrospinal fluid, joint fluid and pericardial fluid or from 
a human or animal tissue, or suspensions or homogenates of these as 
well as an anthropod tissue. 

45. An antibody which is directed against one or more of the frac- 
tions B, C or E of B. burgdorferi spirochaetes defined in any of 
claims 1-12. 

46. An antibody which is directed against the polypeptide encoded by 
the DNA fragment defined in claim 23 or 24. 

47. An antibody according to claim 45 or 46, which is a monoclonal 
or polyclonal antibody. 

48. A composition for the passive immunization of an animal, includ- 
ing a human being, against diseases caused by B . burgdorferi, which 
comprises an antibody according to any of claims 45-47 and a suitable 
carrier or vehicle. 

49. Use of the antibody defined in any of claims 45-47 for the pas- 
sive immunization of an animal, including a human being, against 
diseases caused by B . burgdorferi. 
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50. Use of the antibody defined in any of claims 45-47 for the prepa- 
ration of a composition for the passive immunization of an animal, 
including a human being, against diseases caused by B. burgdorferi. 

51. A method of passive immunization of an animal, including a human 
being, against diseases caused by B. burgdorferi, which comprises 
administering to the animal an effective immunizing amount of a 
composition according to claim 48. 

52. A method of determining the presence of a 3. burgdorferi antigen 
in a sample, the method comprising incubating the sample with the 
antibody defined in any of claims 45-47 and detecting the presence of 
bound antigen resulting from the incubation. 

53. A method according to claim 52, in which the antibody is coupled 
to a solid support. 

54. A method according to claim 53, in which the solid support is 
selected from plates, strips, beads, film and paper. 

55. A method according to claim 54, in which the solid support com- 
prises a polymer, preferably a plastic, e.g. latex, polystyrene or 
polyvinylchloride, nylon, cellulose, silicone or silica. 

56. A method according to any of claims 52-55, in which the antibody 
is provided with a label. 

57. A method according to claim 56, in which the label is selected 
from enzymes, fluorescers, radioactive isotopes, and complexing 
agents such as biotin. 

58. A method according to claim 57, in which the label is of non- 
animal, including non-human origin, e.g. of plant origin. 



59. A method according to claim 58, in which the label is a peroxida- 
se, such as a horseradish peroxidase. 
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.60. A method according to claim 52, in which the sample is incubated 
with a first antibody selected from the antibodies of any of claims 
45-47 coupled to a solid support and subsequently with a second 
antibody selected from the antibodies of any of claims 45-47 provided 
with a label, e.g. a label selected from enzymes, fluorescers, radio- 
active isotopes, and complexing agents such as biotin. 

61. A method according to claim 52, in which the sample is incubated 
with the antibody defined in any of claims 45-47 coupled to a solid 
support and subsequently with a polypeptide encoded by the DNA frag- 
ment according to claim 23 or 24 provided with a label and/or with 
fractions B, C or E according to any of claims 1-12, in which frac- 
tions immunologically active components are provided with a label. 

62. A method according to claim 52, the method comprising incubating 
the sample with the antibody defined in any of claims 45-47 coupled 
to a solid support and subsequently with a polypeptide encoded by the 
DNA fragment defined in claim 23 or 24 provided with a label, or 
wherein the sample is incubated with an immunologically active com- 
ponent of fraction B, C or E defined in any of claims 1-12, or a 
polypeptide encoded by the DNA fragment defined in claim 23 or 24 
coupled to a solid support and subsequently with the antibody defined 
in any of claims 45-47 provided with a label. 

63. A method according to any of claims 52-62, in which the sample is 
selected from a human or animal body fluid such as blood, serum, 
plasma, urine, cerebrospinal fluid, joint fluid and pericardial fluid 
or from a human or animal tissue or suspensions or homogenates of 
these as well as an anthropod tissue. 

64. A diagnostic agent for the diagnosis of B . burgdorferi infection 
in humans and animals, the agent comprising a DNA sequence homologous 
to a DNA sequence encoding an immunological active component from B. 
burgdorferi . 



65. A diagnostic agent according to claim 64, in which the DNA se- 
quence encodes an immunological active protein such as an outer . 
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membrane protein from B. burgdorferi, the DNA sequence e.g. being the 
DNA sequence defined in claim 23 or 24. 

66. A method of diagnosing B. burgdorferi infection in humans and 
animals, which method comprises reacting a sample from the human or 

5 the animal with the DNA fragment according to claim 23 or 24, and 
detecting the presence of at least part of the DNA sequence shown in 
Fig. 5 in the sample. 

67. A method according to claim 66, in which the DNA fragment is 
provided with a label, e.g. a label selected from enzymes, fluores- 

0 cers, radioactive isotopes, and complexing agents such as bio tin. 

68. A method according to claim 66 or 67, which involves the use of 
the polymerase chain reaction procedure. 

69. A method according to any of claims 66-68, in which the sample is 
selected from a human or animal body fluid such as blood, serum, 

5 plasma, urine, cerebrospinal fluid, joint fluid and pericardial fluid 
or from a human or animal tissue or suspensions or homogenates of 
these as well as an anthropod tissue. 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
/Q FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT ' 

□ REFERENCE(S) OREXfflBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER; . " . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the LFW Image Problem Mailbox. 



